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ABSTRACT

The results from analysis of data obtained from wind tunnel tests, which were
conducted to determine the effect of various external stores on the aerodynamic
characteristics of the model F-4C airplane, are presented and discussed. The analysis
includes evaluation of the static longitudinal stability, drag, and longitudinal control
characteristics of the F-4C when loaded with the Pavestorm missile series, Modular Weapons
series, Mark 84 EOGB, M-118 LGB, SUU-51B/B, SUU-30H/B, and Rockeye stores.
Moreover, analysis of the probable cause as well as the wind tunnel verification of a
pilot-reported "tuck-under" problem with the F-4C when carrying the Pavestorm series
of stores is presented and discussed. Incremental drag rise and neutral-point shift associated
with store loading are compared with results obtained from existing prediction methods
and techniques. Data are presented for aircraft weights representative of each store loading
at altitudes of sea level, 10-, 20-, and 30-thousand feet for aircraft center-of-gravity locations
of 25, 33, and 36 percent of the mean aerodynamic chord over the Mach number range
from 0.4 to 1.3.
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SECTION |
INTRODUCTION

One of the first and most severe effects of compressibility encountered in flight was
the tendency of many airplanes to "tuck under." This tuck-under tendency occurred in
the transonic Mach number range in highspeed dives during which severe nose-down
pitching moments were experienced that required an abrupt and reverse sense change in
the elevator angle to keep the aircraft trimmed. Coupled with these nose-down moments
was an increase in longitudinal stability which resisted the efforts of the pilot to trim
the aircraft at the desired lift coefficient to recover from the dive. The resulting elevator
motions required to recover from the dive or even to prevent the dive from becoming
steeper corresponded to excessive control forces, thus leading to the impression that the
stick was frozen.

The data and analysis reported herein were obtained as a result of a wind tunnel
test program which came about primarily to investigate this adverse handling quality
(tuck-under) problem with the F-4C aircraft. The problem was reported by some pilots
to occur when the F4C was carrying the Pavestorm series of stores along with external
370-gal outboard fuel tanks. Also of interest at that time were the drag rise and
neutral-point shift associated with several other external store configurations of the F-4C
aircraft. A wind tunnel test program was evolved with the following objectives:

1. Determine if the reported tuck-under characteristics could be determined
from wind tunnel tests on a 0.05-scale model of the F-4C.

2.  Ascertain whether changes in wing downwash characteristics associated with
the external stores configurations or changes in the aerodynamic center of
the wing-body combination are responsible for the tuck-under.

3. Determine the shift in neutral-point location and the drag rise associated
with a number of external store configurations of current interest.

4. Compare the neutral-point shift and the drag rise obtained from the wind
tunnel tests with results obtained from existing prediction techniques.

The tests were conducted in the Aerodynamic Wind Tunnel (4T) of the AEDC
Propulsion Wind Tunnel Facility (PWT) utilizing 0.05-scale models of the F4C and stores
of interest. Data were obtained with these models at Mach numbers from 0.4 to 1.3 and
angles_of attack ranging from -4 to 24 deg. In general, the stabilator angle was varied

from -20.6 to 2.6 deg dunng these tests.

SECTION 1l
APPARATUS

2.1 TEST FACILITY

Tunnel 4T is a closed-loop, continuous flow, variable density tunnel in which the
Mach number can be varied from 0.1 to 1.3. At all Mach numbers, the stagnation pressure
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can be varied from 300 to 3700 psfa. The test section is 4 ft square and 12.5 ft long
with perforated, variable porosity (0.5- to 10-percent open) walls. It is completely enclosed
in a plenum chamber from which the air can be evacuated, allowing part of the tunnel
airflow to be removed through the perforated walls of the test section. A more thorough
description of the wind tunnel is given in Ref. 1.

22 TEST ARTICLES

The test articles were 0.05-scale models of the F-4C aircraft, the 370-gal fuel tanks,
and Pavestorm 0, I, and II, M-118 LGB, MK 84 EOGB, Modular Weapons series,
SUU-51B/B, SUU-30HB, and Rockeye stores. Figure 1 (Appendix I) is a photograph of
the F4C model configured. with the Pavestorm II stores on the inboard MAU-12 pylons
installed in the wind tunnel. A sketch showing the basic dimensions and armament stations
of the F4C model is shown in Fig. 2. The stabilator angle (85) of the model F4C is
set manually and is measured with respect to the wing chord plane. Details and pertinent
dimensions of the wing panel of the F-4C model are given in Fig. 3. For these tests,
the store mounting surfaces of the centerline multiple ejection rack (MER) adapter and
the inboard wing armament pylon shown in Fig. 4 were inclined at 2.5-deg and 1.0-deg
nose-down angles, respectively, with respect to an aircraft waterline. The triple ejection
rack (TER) and the MER shown in Figs. 5 and 6 were mounted on the inboard pylon
and centerline MER adapter, respectively, for the required configurations. When the MER
was used, it was installed on the fuselage centerline in the forward-shifted position.

Details and dimensions of the 0.05-scale models of the various external stores
mentioned above are shown in Figs. 7 through 15. Note that the 370-gal fuel tank pylon
(Fig. 7) is not the same as the outboard armament pylon shown in Fig. 4. The schematic
diagram (Fig. 16) shows the profiles of the various stores and the load configurations
in which they were tested. In this figure the store profiles are shown to scale with respect
to each other, and the configurations are identified numerically for reference in the
remainder of this report. The fin orientations of the stores as carried on the aircraft are
also indicated in this figure. )

2.3 INSTRUMENTATION

A six-component internal strain-gage balance was used to measure the forces and
moments on the F-4C model. Three basé pressure measurements were made using
transducers and orifice tubes which extended just inside the base of the model.

SECTION 111
TEST DESCRIPTION

3.1 TEST PROCEDURES AND CONDITIONS

Force and moment data were obtained in the conventional manner by varying the
model angle of attack at a constant Mach number, Reynolds number, and stabilator angle
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setting. The unit Reynolds number was held constant at a nominal value of 5.0 x 106
per foot for Mach numbers from 0.6 to 1.3, whereas at Mach number 0.4, the nominal
Reynolds number was 4.0 x 108 per foot. The angle of attack was varied from -4 to
24 deg.

3.2 DATA REDUCTION AND CORRECTIONS

Wind tunnel force and moment data were reduced to coefficient form in the wind
axis system. Base drag was calculated using an average of the three base pressure
measurements along with the base area and was used to calculate forebody coefficients.
However, the base drag measured in this manner was considered negligible, and therefore
all coefficients presented are measured coefficients. Corrections for the components of
model weight in the axial- and normal-force directions, normally termed static tares, were
also applied to the data.

The angle of attack was corrected for sting and balance deflections caused by the
aerodynamic loads. The model was tested both upright and inverted to provide the data
to correct for tunncl-flow angularity and model-balance misalignment. Based on these data,
the angle of attack was comrected for 0.4-deg upwash at Mach number 0.4 and for 0.3
deg upwash at Mach numbers 0.6, 0.8, and 0.85. No other flow angle corrections were
made.

3.3 PRECISION OF MEASUREMENTS

The precision of the data presented which can be attributed to inaccuracies in the
balance measurements and setting tunnel conditions was determined for a confidence level
of 95 percent and is presented in Table 1 of Appendix Il. The precision in setting the
Mach number was *0.002. The Mach number variation in the portion of the test section
occupied by the model was no greater than £0.005 for Mach numbers up to 0.95 and
+0.01 for Mach numbers greater than 1.0. The precision of the model angle of attack
was *0.1 deg, and the precision of the stabilator angle setting was *0.1 deg.

SECTION IV
TEST RESULTS, ANALYSIS, AND DISCUSSION

4.1 GENERAL

In addition to accomplishing the objectives set forth in Section I, it is the intent
of the author to provide under one cover a concise documentation of the pertinent effects
produced by a number of different external stores on the untrimmed and trimmed
aerodynamic characteristics of the F-4C airplane and to present data over a range of trim
conditions that will allow for interpolation of the results to particular flight conditions
of interest. Aerodynmamic characteristics at trim conditions are presented for each
configuration to be discussed. Trim characteristics were determined for altitudes of sea
level, 10,000, 20,000, and 30,000 ft at aircraft cg locations of 25, 33, and 36 percent
of the mean aerodynamic chord (MAC). Aircraft and aircraft-plus-store gross weights of



AEDC-TR-73-186

38,000, 46,000, and 58,000 1b were used as representative weights to categorize the various
configurations and are indicated on each plot. The configurations tested are shown in
Fig. 16 and are referred to in the text by number in most cases.

The aerodynamic characteristics at trim conditions were determined from the wind
tunnel data utilizing a computer program which curve-fit the data and determined values
of slopes and coefficients at specified trim-lift coefficients. The curve-fit procedure is
explained in detail in Ref. 2 and is based on a mathematical method developed for
interpolation from a given set of data points in a plane and for fitting a smooth curve
to the points. The method is devised in such a way that the resultant curve will pass
through the given data points and will appear smooth and natural. The method is based.
on a piecewise function composed of a set of polynomials, each of degree three, at most,
and applicable to successive intervals of the given points. In this method, the slope of
the curve is determined locally. at each given point, and each polynomial representing
a portion of the curve between a pair of given points is determined by the coordinates
of the points and the slopes at the points. Determination of the slopes and the coordinates
of points that fall between the two given points reduces to evaluating second-degree and
third-degree polynomials, respectively, at the point of interest. Since the resultant curve
passes through all the given data points, one must be careful to eliminate data points
which are obviously bad.

A discussion of the tuck-under problem and the effect of external stores on the
static longitudinal stability, lift and drag, and longitudinal control effectiveness
characteristics are presented in the following sections.

4.2 TUCK-UNDER PROBLEM
4.2.1 Wind Tunnel Verification

"Tuck-under," as explained in Section I, is a compressibility effect that is characterized
by an abrupt and reverse sense change in elevator angle to counteract nose-down moments
encountered as an aircraft accelerates through the transonic Mach number range. Coupled
with this "control stick reversal” is an increase in longitudinal stability which gives the
pilot the impression that the control stick has become frozen. Classically (Ref. 3), these
effects have been associated with changes in the lift characteristics and the angle of zero
lift. Tuck-under was experienced with early wing designs of relatively thick cambered
sections whose characteristics showed a positive shift in the angle of zero lift and a
reduction in the lift-curve slope. The analysis of the wind tunnel data for the Pavestorm
0, 1, and II (configurations 5, 6, and 7) shows some of these same classical tuck-under
characteristics. The results of that analysis are presented in Figs. 17 through 27. Presented
are plots of the stabilator angle required to trim as a function of Mach number, altitude,
and cg location for the Pavestorm stores on the F-4C. These data show that as the F4C
accelerates from Mach number 0.9 to 0.975 loaded with Pavestorm 0, I, and II stores
the stabilator angle has to be deflected first in the negative direction and then in the
positive direction to counteract the nose-down pitching moments and thus maintain the
aircraft trim. A rather sharp increase in longitudinal stability can be noted in Fig. 21
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for these configurations in the Mach number range from 0.9 to 0.95 at altitudes of sea
Jevel and 10,000 ft. The data presented in Fig. 21 can be used to set the aft cg limit
of the aircraft with the Pavestorm stores. It should be noted in Fig. 21b that if the cg
were at 32 percent MAC the aircraft would have a static margin of 1 or 2 percent MAC
at Mach numbers less than 0.9. As the Mach number was increased to .95, the static
margin would increase to about 6 percent MAC. However, as the Mach number was further
increased to 0.975, the static margin would decrease to about the subsonic values. The
data in Fig. 21c show that at 20,000 ft, the Pavestorm I and II configurations exhibit
the same static margin changes (within 1 to 2 percent MAC) over the same Mach number
range. The increase in longitudinal stability characteristic of tuck-under is classically
associated with a reduction in the slope of the lift curve; however, this was not the case
for the F-4C at Mach numbers from 0.9 to 0.95 when configured with the Pavestorm
series of stores, as indicated by the data in Fig. 22. Presented in this figure is the variation
of the liftcurve slope (Cp ) at trim conditions as a function of Mach number for the
Pavestorm store configurations. Note that for Mach numbers from 0.9 to 0.95, where
the sharp increase in stability was noted (Fig. 21), that an increase in the values of the
lift~curve slopes occurs. The increase in stability noted in Fig. 21 occurs because the slope
of the pitching-moment coefficient (Cy, ;) curve (Fig. 23) is increasing negatively more
rapidly than the lift-curve slope is increasing positively. However, the classical positive
shift of angle of zero lift associated with tuck-under did show up in the data analysis,
as shown in Fig. 24. Compressibility effects on the aircraft trim angle of attack can also
be noted, referring to the data in Figs. 25, 26, and 27, for Pavestorm O, 1, and II,
respectively. It can be shown that in the absence of compressibility and aeroelastic and
propulsive system effects, and for a given aircraft weight and cg position, the trim
angle-of-attack variation with Mach number is of the form ay trim = f(1/M.2). The trim
angle of attack in these figures exhibits deviations from this form of variation with Mach
number in the Mach number range from 0.85 to 0.975, where compressibility effects
dominate. As the Mach number increases from 0.85 to 0.975, the aircraft trim angle shifts
more negatively because of compressibility effects; this is also characteristic of tuck-under
(Ref. 3).

A similar analysis of the wind tunnel data was performed for configurations 1, 2,
8, and 12, and the results are presented in Figs. 28 through 43. Comparison plots of
the data for configurations 1, 6, and 12 are presented in Figs. 44 and 45. The stabilator
angle required to trim is presented as a function of Mach number (Fig. 44) for
configurations 6 and 12 and shows very little difference in the required setting except
at H = 30,000 ft. When comparing results of these configurations to those for the clean
configuration (configuration 1), one notes that the change in trim stabilator angle with
Mach number for Mach numbers from 0.85 to 1.1 is significantly greater than that of
the clean configuration at aititudes of sea level and 10,000 ft; however, at H = 20,000
and 30,000 ft, the differences between the required angles for all three configurations
are small. Based on the preceding discussion of tuck-under, it appears from the data
presented in Figs. 44 and 45 that even the clean configuration exhibits this characteristic,
but to a lesser degree than do configurations 6 and 12.
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It is obvious from the data in Fig. 45b for an altitude of 10,000 ft that the static
margin is reduced about 3 percent MAC at the subsonic Mach numbers when the Pavestorm
I is installed on the aircraft. However, the significant point is that the clean aircraft does
not exhibit a reduction in static margin as the Mach number increases toward 1.0, whereas
with the Pavestorm configuration the static margin decreases significantly (about 5.5
percent MAC) at Mach number 0.975. A close examination of the neutral point data
(Fig. 45) reveals that the real problem may possibly be subjective: the pilot of the F-4C
carrying the Pavestorm stores encounters a handling-qualities problem associated with the
aft and forward shifting of the neutral point as the aircraft is accelerated from Mach
number 0.9 to 1.025. Te the pilot, this change in static margin would be experienced
as a change in stick force required to trim the aircraft. As the neutral point shifts aft
(larger static margin), a greater stick force is required to keep the aircraft trimmed and,
as the neutral point shifts forward, less stick force is required. When the F-4C configured
with Pavestorm I is in a dive and accelerating through the Mach number range from 0.9
to 1.025, the changes in stick force occur rather quickly, as implied by the steep changes
in the neutral point with Mach number (Figs. 45a and b), so that the pilot first feels
the stick become quite heavy as the Mach number increases from 0.9 to 0.95, and then
light from Mach number 0.95 to 0.975. Throughout this Mach number range, aft stick
movement is required, but, as the aircraft continues to accelerate above Mach number
0.975, the required direction of the stick movement reverses, and the stick feeling becomes
heavy again because of the aft shifting of the neutral point.

The SUU-51B/B data’ presented in Fig. 45 also show some aft and forward shifting
of the neutral point at altitudes of 10,000 ft and above. Flight test data (Ref. 4) for
the F-4C carrying a similar weight store, in the same configuration as the SUU-51B/B,
indicate that the maximum Mach number attainable is 0.95, at 24,000 ft. This fact,
combined with the forward shifting of the neutral point (generally about one percent
of the MAC) that occurs near this upper limit (M., > 0.925), makes this effect on the
handling qualities of the aircraft small for the SUU-51B/B stores. If the aft cg limitation
is based on the data at the subsonic Mach number, there appears to be ample static margin
through the transonic Mach number range.

Figures 46 and 47 show a comparison of the data for configurations 6 and 8. In
this case the stores have the same general aerodynamic profile. The M-118 LGB store
fins and canards have a larger area and greater span than the Pavestorm I store. Also,
the M-118 LGB store is somewhat larger in.diameter than the Pavestorm I store. These
data indicate that, through the transonic Mach number range, the F-4C will require larger
stick movements to trim when configured with the M-118 LGB store (configuration 8)
than when configured with Pavestorm I (configuration 6). In addition, these data show
that configuration 8 will not have the handling quality problem experienced with the
Pavestorm I store at sea level and 10,000 ft because the neutral point does not shift
as drastically as for configuration 6. Again, as was the case for the SUU-51B/B
configuration, if the aft cg location is selected, based on the subsonic data, ample static
margin will be available through the transonic Mach number range. At 30,000 ft, the
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data (Fig. 47d) indicate that for configuration 8 the neutral-point location is moving
somewhat; however, the static margin would still be large at Mach number 0.975.

In summary, it appears that tuck-under and certain other handling qualities of aircraft
configurations can be determined from analysis of wind tunnel data; this determination
was the first objective of these tests.

4.2.2 Downwash Analysis

The second test objective was to attempt to determine whether the tuck-under
problem could be traced to downwash changes associated with the various external stores
or changes in the aerodynamic center of the wing-body combination caused by the external
stores. Configuations 1, 2, 5, 6, 7, 8, and 12 were tested with horizontal stabilator on
and off to determine the downwash characteristics €, and de/day, as a function of Mach
number. These characteristics were determined utilizing the pitching-moment coefficient
data referenced to 0.33C and are presented in Figs. 48 and 49. Aerodynamic theory
provides the following equations, which allow one to determine the influence of the
downwash on the aircraft pitching-moment coefficient at zero lift.

Cmo = (Cmo)wB + (Cmo HT M

(Cmo)HT = -(Cmﬁs) (fo .' 6s) 2)

Comparisons of the variations of Cp , with Mach number are presented in Fig. 50. These
data show that when external stores are added to the F-4C, significant variations in Cpy,
occur with Mach number in the transonic Mach number range.

Total changes in C, , caused by the stores were determined from the wind tunnel
data for each of the above configurations for a stabilator setting of -0.6 deg and a cg
location of 0.33C. Figure 51 presents these data along with the incremental change in
the wing-body contribution and the incremental change that resulted from the downwash
changes at the tail associated with adding the Pavestorm I stores and the 370-gal fuel
tanks to the F-4C aircraft. It is easily seen from these data that for Mach numbers up
to 0.95 the change in the wing-body contribution was the major factor responsible
for the changes noted in Cm . Above a Mach number of 1.025 the horizontal tail
contribution is approximately equal to the wing-body contribution. The effect of downwash
changes at the horizontal tail (Fig. 52) becomes more significant for configuration 8 (M-118
LGB), but the wing-body contribution still is dominant. In this case the store loading
is the same as for configuration 6, and the store itself is of the same basic shape as
that of configuration 6. The major differences in the two stores are that the M-118 LGB
is of larger diameter and has somewhat more fin area than the Pavestorm I store.
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The analysis of the downwash data for configuration 12 (Fig. 53) shows that the
horizontal tail contribution offsets the wing-body contribution, resulting in only small
net changes in Cp, for Mach numbers up to 0.95. Note also that the wing-body
contribution is positive where for configurations 6 and 8 it was negative. At Mach number
0.975, the horizontal tail contribution is comparable to that of the wing-body, thus
resulting in a large total ACy . At Mach number 1.025 these two contributions again
offset each other, and finally, above Mach number 1.1, the wing-body contribution
dominates the change in Cp, 0"

Comparison of the data in Figs. 50 and 54 shows that the variations of Cm; with
Mach number for configurations 8 and 10 are remarkably similar even though configuration
10 is a multiple-mounted store installation and configuration 8 is a single-mounted store
installation. What is common between these two configurations is that the aircraft centerline
is clean and the stores are carried at the same wing stations. Figure 54 shows that when
SUU-30H/B stores are added to the aircraft centerline a positive shift in Cm, results.
Further comparison of the data in Figs. 50 and 54 shows that the Cy,  variations for
configurations 11 and 12 have about the same level and variations with Mach number.
Based on the downwash analysis of configurations 8 and 12, these comparisons imply
that adding stores to the centerline of the aircraft could be beneficial in terms of eliminating
large static margin changes and minimizing tuck-under.

The effect on Cp, , of adding various external stores and store suspension equipment
to the F-4C aircraft-is shown in Fig. 54. Data necessary for downwash analysis were not
acquired during the wind tunnel tests for most of these configurations. These data, in
general, show that adding stores to the inboard armament pylons produces a negative
shift in aircraft Cp , (compare configurations 2 and 3 and 3 and 10), whereas adding
store racks and stores to the fuselage centerline (compare configurations 3 and 4 and
10 and 11) produces a positive shift in Cn,-

43 EFFECT OF EXTERNAL STORES ON LONGITUDINAL STABILITY

The F-4 aircraft was originally designed as an air defense interceptor/air superiority
fighter. The primary armament consisted of four AIM-7 Sparrow IIl missiles carried
semisubmerged in four fuselage stations. However, since its first flight, the F-4 has been
modified to carry, launch, and/or deliver a wide variety of external stores or weapons,
as the Air Force, Navy, and Marines have adapted the aircraft as a multimission fighter.

Although the F-4 aircraft has proven adaptable to its role as a multimission fighter,
the certification of the wide variety of weapons on the F-4 has posed problems in many
areas of aircraft technology. One area of particular importance is the effect of the external
stores on the longitudinal stability of the F-4. The addition of external stores to the
F-4 aircraft generally has an adverse effect on the longitudinal stability characteristics.
Some success at generalizing these effects for an arbitrary store and store loading on the
F-4 longitudinal stability characteristics for wing-mounted stores has been achieved by
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McDonnell Aircraft Corporation (Ref. 5). They showed a correlation of the changes in
neutral-point location, determined at a lift coefficient of 0.2 and a stabilator angle of
0 deg, with the frontal area of wing-mounted weapons. Based on this correlation, a
stability index number system was devised by McDonnell Aircraft and is used as described
in Ref. 5. For stores and store configurations where this correlation cannot be used, wind
tunnel testing is required. Based on the wind tunnel data, stability numbers can be assigned
to provide neutral-point location and corresponding cg limitation for the conditions with
the most forward neutral-point position. Data from the current wind tunnel tests have
been reduced in terms of neutral-point shifts as a function of Mach number using the
clean configuration as the baseline. These data evaluated at C; = 0.2 are presented in
Figs. 55 through 60. It is not within the scope of this report to assess whether the loss
in stability noted for these external stores precludes acceptable stability limits based upon
the cg characteristics of the F-4. However, some general comments on these forward shifts
of the neutral-point location are in order.

It must be kept in mind that the neutral-peint discussion here differs from that of
section 4.2.1 in that here the discussion will center on the change in neutral-point location
caused by the addition of external stores to the aircraft. These data (Figs. 55 through
60) show that wing-mounted external stores produce large changes in the neutral-point
location in the transonic Mach number range (configurations 5 through 16). Destabilizing
movements of about 10 percent C are noted for some configurations. This forward shift
generally peaks out at Mach number 0.975 and is followed by a sharp aft shift as the
Mach number increases to 1.025. Data were not obtained at Mach numbers between 0.975
and 1.025 for some of the configurations. Another forward movement of the neutral-point
location occurred between Mach numbers 1.025 and 1.1 and was generally followed by
an aft shift as the Mach number increased from 1.1 to 1.3. It should be emphasized
that the maximum difference in the neutral-point location between the clean aircraft and
one with stores generally occurs at a Mach number of about 0.975.

A comparison of the change in the neutral-point location (ANPy) determined from
the data in Figs. 55 through 60 with the empirically determined prediction curves of
Ref. 5 is shown in Fig. 61a. The correlating parameter used in this figure is wing-mounted
weapon frontal area. For configurations 4, and 11 through 16, the centerline stores and
centerline suspension equipment frontal areas are not included in the reference areas used
in this figure. The experimental data and correlation curve in Fig. 61a are presented for
Mach number 0.85, which is the Mach number at which Ref. 5 reported that the largest
losses in stability were experienced. Note that the finned store correlation curve of Ref.
S in this figure is very close to an average curve through the wind tunnel data. In general,
the experimental data deviate about *1 percent of the MAC from the curve for the finned
bodies. If the correlation could be made at Mach number 0.975, larger values for ANP,
would be found since the present data indicate that at Mach number 0.975 the maximum
destabilizing effect occurs.

Reference 6 presents another method for predicting the effects of arbitrary external
stores on aircraft performance. This method is semiempirical in that it is based on a
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parametric correlation of extensive test data obtained from a comprehensive data search
of both military and contractor facilities. A computer program has been developed by
Ling-Temco-Vought, Inc. under Air Force sponsorship (Flight Dynamics Laboratory, FXM)
and is currently available at AEDC. This program is capable of computing incremental
neutral-point shifts, incremental lift losses, and incremental drag rise for both single- and
multiple-mounted store installations in the subsonic, transonic, and supersonic speed
regimes. The increments calculated by this technique are at trim conditions. For example,
the incremental change in neutral-point location (ANPtg) is the neutral-point location
of the ajrcraft with stores at trim minus the neutral-point location of the clean aircraft
at trim. Figure 61b presents a comparison of the neutral-point loss obtained for
configuration 6 utilizing the wind tunnel data with the results obtained using the prediction
technique of Ref. 6. These data show that this method in general predicts less neutral-point
shift than was measured experimentally. Differences of 2 percent C are noted subsonically,
and differences as great as 7 percent C are noted transonically. It should be noted that
specific experimental data for aerodynamic shapes similar to the Pavestorm series were
not in the computer program. Moreover, the data utilized were not obtained at M, =
0.975, which is the most critical area.

Comparing the two techniques on the basis of the results of these tests, it appears
that the frontal area correlation of Ref. 5 and the general prediction technique of Ref.
6 predict results of about the same accuracy. Both methods underpredict neutral-point
location by about 1 to 2 percent MAC at Mach number 0.85. Both techniques should
be used with caution since, according to Ref. 5, the McDonnell Aircraft Company test
pilots have established a one-percent stable static margin as the minimum acceptable value
for formation flying and/or weapons delivery. This fact obviates the use of either technique
for aircraft that will carry or deliver external stores in the high transonic or supersonic
Mach number ranges.

4.4 EFFECT OF EXTERNAL STORES ON DRAG CHARACTERISTICS

The carriage of external stores also has a marked effect on the drag characteristics
of the F-4C. Trim drag as a function of Mach number, altitude, and cg is presented in
Figs. 62, 63, and 64 for configurations 1, 2, 5, 6, 7, 8, and 12. The results presented
were obtained through analysis of the wind tunnel data. These data show that at a given
altitude the addition of external stores to the F-4C increases the trim drag by approximately
a constant increment subsonically. Larger incremental increases in trim drag are generally
noted supersonically than are noted subsonically. From these data, incremental drag rise
can be derived as a function of Mach number, altitude, and cg location for incorporation
into the aircraft flight manual performance to predict range and speeds when the aircraft
is to carry these stores. Since it is obviously impractical to test and/or define drag
performance characteristics in this manner for all conceivable external store configurations,
a generalized technique for accomplishing this is highly desirable. McDonnell Aircraft
Company reported in Ref. 5 a technique whereby transonic drag rise and drag-rise Mach
number could be favorably predicted. This technique is based on the fact that the drag
and the drag-rise Mach number could be correlated with a configuration's subsonic drag

10
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level. Once this correlation was established, a numbering system for each weapon and
each piece of mounting hardware was derived based upon subsonic test data. The number
(drag number, DN) assigned to each pylon, rack, and/or weapon is obtained by dividing
the incremental drag area [(ACp)m_=¢.5 S] for all weapons or all mounting hardware by
the total number of weapons or the total number of items of mounting hardware and
then multiplying the number obtained by 10. The number thus obtained is a measure
of the incremental drag rise at Mach number 0.5 attributable to that particular weapon
or item of mounting hardware. The sum of all drag numbers thus obtained for a particular
configuration is an index of the total drag increment for that configuration. Figures 65
and 66 present the wind tunnel data from which drag numbers for the various stores
used during these tests have been derived and tabulated on the figures. Utilizing these
numbers and the correlation curve in Ref. 7, the drag rise was determined for configurations
6 and 12 at Mach numbers 0.6, 0.8, 0.9, and 0.95. The drag coefficient increments thus
determined were then added to the drag coefficient data of the clean configuration of
Fig. 64b to obtain the total drag coefficient of each configuration. A comparison of the
predicted drag values thus obtained is made with the drag values measured in the wind
tunnel in Fig. 67. Presented also in this figure are the results of the more generalized
prediction technique of Ref. 6. The data here show that the drag index technique (Ref.
5) generally underpredicts the drag rise up to Mach number 0.9, showing as much as
a 15-percent difference from the measured value at Mach number 0.6. However, the drag
rise increments predicted with this method were within the experimental error at Mach
numbers 0.9 and 0.95. Predictions made by the method of Ref. 6 agree very well at
Mach number 0.6 and then generally overpredict the drag, indicating about a 12-percent
difference from the measured value at Mach number 0.95.

Based on the data presented here it would be difficult to say which prediction
technique should be used to give best results for predicting drag rise caused by arbitrary
external stores. Each technique has its own merits. The drag index technique requires
a knowledge of the subsonic drag level of stores and suspension equipment of interest.
However, a great deal of this type of information is already available. Also, this technique
has proven its usefulness and value in that it provides external store drag information
in a form that is easily used by operational units. This technique is limited to a maximum
Mach number of 0.95 and is reported not to be useful for prediction of drag rise in
the supersonic speed regime.

Contrasting the more general drag rise prediction technique of Ref. 6, one finds that
the only aerodynamic data required by this technique is a knowledge of the free-stream
drag of the store in question. All other quantities that are required are geometrical
quantities peculiar to the store installation in question. This technique, like the drag index
technique, is currently limited in its drag-rise prediction capability to Mach number 0.95,
but there are wind tunnel tests currently planned which will extend this capability and
fill in and refine some of the data correlations in other areas. Based on the results of
these tests, this technique shows considerable promise.

11
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45 EFFECT OF EXTERNAL STORES ON LONGITUDINAL CONTROL

Longitudinal control derivatives Cmas (elevator power) and Cl-.ss (elevator lift

effectiveness) at the selected trim conditions are presented in Figs. 68 through 74 for
configurations 1, 2, 5, 6, 7, 8, and 12 as a function of Mach number, altitude, and cg
location. A comparison of these data for configurations 1, 6, and 12 at a cg location
of 0.33C is presented in Fig. 75. These data show that the effect of the external stores
on the elevator power and elevator lift effectiveness was generally small for the
configurations tested; however, some large gradients do occur with changes in Mach number
from Mach number 0.9 to 1.1.

SECTION V
CONCLUSIONS

Wind tunnel tests were conducted using a 0.05-scale model of the F-4C aircraft
configured with various external stores. The data from these tests were analyzed, and
the following conclusions were reached:

1. The data presented show the change in stabilator trim angle and increased
longitudinal stability associated with "tuck-under” when the F-4C is
configured with the Pavestorm missiles and 370-gal fuel tanks. Moreover,
the results indicate a substantial reduction in static margin with the
Pavestorm -stores at an altitude of 10,000 ft at Mach number 0.975, as
compared to the clean aircraft. In general, only the configurations with
the Pavestorm stores displayed large variations in the neutral-point location
at the transonic Mach numbers.

2. Large negative changes in the value of pitching-moment coefficient at zero
lift were observed at the transonic Mach numbers when wing-mounted stores
were added to the clean configuration. From the downwash analysis of
the Pavestorm I and the M-118 LGB it was apparent that the predominant
contribution to the increment of change noted in Cy, , was the wing-body
contribution. For the SUU-518/B, the horizontal tail and the wing-body
contributions were equal and opposite at Mach numbers less than 0.975,
resulting in essentially no change in Cy,  when the F4C was configured
with these stores. At Mach number 0.975, the tail contribution was equal
to the wing-body contribution, producing a large negative shift in Cp, .
Comparison of data for configurations with and without stores on the
fuselage centerline imply that adding stores to the aircraft centerline could
be beneficial in terms of eliminating or reducing adverse handling
characteristics such as tuck-under and large static-margin changes in the
transonic Mach number range.

12
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3. A comparison of two prediction techniques showed that each technique
predicted neutral-point shifts and drag rise caused by adding external stores
to the F4C to about the same degree of accuracy. However, neither
technique predicted the gross reduction in static stability that was observed
in the wind tunnel tests at Mach number 0.975.
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Fig. 1 Wind Tunnel Installation of the F-4C Model Configuration with Pavestorm 11 Stores
and 370-gal Fuel Tanks

>
m
O
B
—‘
b
<
Pl
-
©
&




AEDC-TR-73-186

W ey IS5

BL-11.560

ARMAMENT
STATIONS

STABILATOR

\

2
§ INBOARD
PYLON
F3-1.358 FS0000 BL 8625 ¢ I FS 25942 FS 33188
€ oUTBOARD N\
PYLON

ALL STATIONS IN INCHES \_l
BL 11.560

Fig. 2 Sketch of Wind Tunnel Model of F-4C

18



AEDC-TR-73-186

ALL DIMENSIONS IN INCHES

FUSELAGE
¢
3 —3—FS 7.5i7
51.4°

14.100

AREA BLANKETED
BY FUSELAGE AND
NACELLES

FS 10.568

—FS 13.041

7.980|

5.960

MAC (THEORETICAL)
‘ MAC (EXPOSED)
l 0.580

=1

-

0.230

z 9O

Fig. 3 Sketch of F-4C Wind Tunnel Model Wing Panel

19

X r



AEDC-TR-73-186

ALL DIMENSIONS IN INCHES

FS 16.03 '
5.220 BL 6.625
WING 1.0° 1
i = .
)
|.o‘_r4
| 06 o —— ;
I-o.sws-l FWD 30- IN. SUSPENSION POINT
OUTBOARD PYLON -
rS 11.55
5.426 T
ING A ] 35 8L 4.075
W 827 ——of
CHORD ¥ - -O0R !
. 0.050Ry ——= ¥
wh Tosir |
1.0° Jo]‘ool 0-250-+r—
0.879 IL .\——rwoso-m. SUSPENSION POINT
INBOARD PYLON
LOWER FUSELAGE
FS 1567 rare / CONTOUR 0100
_ L
WL | P |

0.413 1 2489 0250 l—
o,473-|-_.| :Fwo 30-IN. 2.5" 2-1_ ‘L’-

SUSPENSION
POINT

CENTERLINE MER ADAPTOR

Fig. 4 F-4C Armament Suspension Equipment

20

7.5°



Iz

FSI1.51

FS12.43

3.335

0.920

———
—— 0.800 ——<l
_—~————FWD 30-IN, SUSPENSION POINT

2.550

\\

|
—

»

' 7
FWD 14-IN. susﬁ:usm—<
POINTS ~—
5;
1.320 j‘
_._-—-A
ALL DIMENSIONS IN INCHES 0.725

SECTION A-A

Fig. b Triple Ejection Rack

981-€L-41-0Q3V



[

FORWARD SHIFTED

ALL DIMENSIONS IN INCHES

FS 12.307
7.780
6615
5.738
fo- 8.405
A |
>— .9 —
30-IN,
-1.038 —-| —=8 SUSPENSION POINT
r{ .
< —

_.-..

1

0.062 R

DIMENSION "A"
WING FORWARD AFT
STATION SHIFTED SHIFTED
OUTBOARD 3.453 2.336
¢ 3.836 2.685

|l — FWD 14-IN.
SUSPENSION POINTS

Fig. 6 Multiple Ejection Rack

SECTION B -B

981-E4-H1-0Q3V



€C

BL

B800Y CONTOUR, TYPICAL BOTH ENDS

12.000

6.625
Fs
16.030
: |
0.500 / e
— L s \R

STATION | BODY DIAM | STATION | BQDY DIAM
0.000 0.000 2500 LG
0.025 0.100 2.750 1156
0.030 0 144 3.000 1.190
0.150 0.238 3.250 1218
0.250 0.340 3500 1.242
0500 0.498 3.750 1.260
0.750 0.622 4.070 1.274
1.000 0.724 4230 1.286
1.250 08i2 4.500 1.294
1.500 0.890 4.750 1298
1.750 0.958 5.000 1 300
2.000 1016 6.000 1.300
2.250 1.070

Fig. 7 F-4C 370-gal Fuel Tank

NOTE: MODEL STAMONS ANL
DIMENSIONS IN INCHES

98 1-€4-41-2Ad3Yv



124

8937
8.463
7557
7.432 —
—6238 SECTION A-A
po— xcq
4.738
3.344 J
3194 —
2057 y
—— -2.012 —
- 0.975
0 555~ FWD 5B
0 460 = f»— LUG LUG
0.339- A
- - -— - pm— | — (RS —0C3%0R
PSR/ —o0400R
0060 D 0250 R KN —0 506 R
Al PAVESTORM [ 7
-SEE DETAIL
1 B—
___-)
0109 R-\ PAVESTORM O
0050 R—_ —_I:
0 |oz—-§ oi620
NOSE DETAIL ALL DIMENSIONS IN INCHES

Fig. 8 Pavestorm 0 and Pavestorm | Stores

981l-€L-H1-0a3Vv



Y4

7667
5.129
4949 |
XQQ -y
3449
2.059 —
1.904 FWD LUG |/~AFT LUG
fo—— . 142 —
A
0.555--—-1 i B
l e y.
— - - - & -
0175 R—"
—/ ' . —
0.637 R A~—I
0.750 D '
--45.
(TYP>/
+ /&
0.150
0’040_>\{ ALL DIMENSIONS IN INCHES
SECTION A-A

Fig. 9 Pavestorm Il Store

98L-££-41-043V



9¢

ALL DIMENSIONS IN INCHES

1.800—»

jo—. 250 ——

je———— - 2.644 —— _ss—|,500—=1=-0.900

&
B — — 1125
ossz | 2400
8.269

Fig. 10 M-118 Laser Guided Bomb Store

1.200

981-€4-H41-2Q3v



Le

h“:““'.:,, -

T§
% N\

|
VAN

]

ToP VIEW

°r 7“" eomsa §

SI0E vitw

Fis OETAILS

T.448

\-0.073 R (TYP)

=3

SIOE VIEW

BASIC CONFIGURATION

Fig. 11 MK 84 Electro-Optical Guided Bomb

X,ln R, ia
2.273 | 034
e 389 0.37¢
2.003 0.3%4
e.7e8 | oaee
2.985 0 428
3.188 0.43
3.303 | 048
3.580 | 0.4%
4.000 0.4%0
4.280 | 04%
4.500 | 0.450
4.994 0 4%
4.0% | 0a4n
8 0% 0.444
5.294 0.437
S 494 0.428
8 694 0418
$ 094 [-X 1.1}
s018 0.400

45 (Tvr)
G 500
0 500
REAR VIEW

98 1-££-41-D03V



8¢

ALL DIMENSIONS IN INCHES

— 0.6 59 —|
} 1.700 J
: | WD 14-IN. SUSPENSION PONT _—
0.250 .400R
0.2%
:: | h— = — —E— 1120
0.245
0.482 N |
4480 -|
4:600

Fig. 12 SUU-30H/B Store

- i / 05000

0.150+ b

'olo

ORAG TAB DETAIL

981-E€L-H1-0d3V



6T

ALL DIMENSIONS IN INCHES

ol

'—O.'ﬂ‘il

4.600

L 994——-1‘0 7oo-|

14 -IN SUSPENSION POINT
ro.'m-l

<Y

\/

4

JO3R /
0.400R

e

Fig. 13 SUU-51B/B Store

le—0.666
=0, 210
e 0.157
|7-.3°' .' =0.0I3
P 0.145

FIN DETAIL

981L-£L-H1-00a3v



AEDC-TR-73-186

0.300 a.eso—-h—o.'roo—-l-—l.uo 1.000
I4=IN
’é’&?ﬁ#ﬁ'“—‘?\l
] 3.000
a. N1T2
*—0.800 2.700 JI s
0.025 ]
- Too
l l O
b. N2T2
o 1.600 1.900 —{ |

ALL DIMENSIONS N INCHES

c. N3T2
Fig. 14 Modular Weapons Stores

30



1€

0.186

N

0.571—]

0.420 I

l 0.171-+ |

/\
T e
\ 0.662
0.845R
—0.663
4.503
4.602 —

Fig. 15 Rockeye Store

ALL DIMENSIONS IN INCHES

981-€L-H1-0d3V



AEDC-TR-73-186

1| PYLONE AR BMOWN
OM AINCRAFT PROFRE
ONLY TO INDICATE
ANMAMENT STATIONS

[conria ENTERNAL ARBAMENT mm
L3 ARMANE NT PROFILE [] [] [J [J

370 SMLLON
VR Taxn

IT0 SALLON
FUEL TAma

37O SmLon
FUEL TANR
v Pl

wone v our|

370 GALLON
FURL TANK

Y | eean | XY

37O sALLON
PULL TANN

PEETONN T

N | eean ot

370 SALLON
FUEL Thlx

Y0 Jevean | XY

370 sALLON
UL TAM

e | XX

weaLo®

ITO SALLOW
FURL. T

YE | cuean | Y

STO aaLLON
FUEL TANK

370 gaLLON
FURL TARK

44

g & [ [ [ |
i
4 [ [ 8 |8 |8

370 SALLON
FUEL A

ot

370 GALLON
PUEL TANK

oo
L1R¢]

L‘Vr'
ot
gt
oz,

370 SALLON
FULL TARK

40D WEAPONS
NETR

370 GALLOW
FUEL TANRL

MOD WTAPONS
[E1d

BH
X,
o
ElhdY

Fig. 16 F-4C Configuration ldentification Key

370 QALLON
UL, Tanx

(N R

ROCKEYE

32



O oO025¢C
A 033C
a 036C
o PAVESTORM O, CONFIG 5, G W.= 48,000
H = 30,000
'llrl-
-8 ~] o
I~ |
I Y
-9 . l =
Z N
Junan=C;
1
-2
]
-8
. ! | H = 20,000
1rim T~y
S~
o HEVRN
P ] A - | A
by .y
-4
|
D et
-2
o
R i e S L Me 10,000
Surim T
-4 —u l
[T
-2
[+]
-6
3 l H = SEA LEVEL
Steim “
-4&[}*
_ A Ny
_—-—‘" ¢
-2
%.0 07 (X ] 09 .0 [R] 1.2 1.3 » [K)
-

AEDC-TR-73-186

Fig. 17 Trim Stabilator Angle as a Function of Mach Number, Altitude, and
cg Location for Configuration 5

33



AEDC-TR-73-186

o 0.25¢
A 033
o 0.36C
ie PAVESTORM t, CONFIG 6, 6.W.= 46,000
J M = 30,000
Srm C T
-8
= "“1!)--0" \1‘
-6 | "ﬁ“\-n\ Je
-4 L
f“f‘n’
-
o~ |
_ll
0
-8
H = 20,000
dm T
-6 ~ =3 o¥
S :
iy [
| S e
-2
o
1
N A T e
——
alm- i P !
. C A
1T |
-2
1
1] i
I M = SEA LEVEL
-8
Basrim 2 X ~
-4 ] iy 0
G N SRS L, e e—t
-2
%.‘ o7 o8 09 10 (M| 1.2 L3 .4
Ma

Fig. 18 Trim Stabilator Angle as a Function of Mach Number, Altitude, and
cg Location for Configuration 6

34



c9
o 023C
A 033
O 036¢C

PAVESTORM 11, CONFIG 7, GW.= 46,000

!

T

H * 30,000 I

{] Ta

J

SEANNE

AT

o]
4

) O

=
!

Bsnm o]

He 20,000 |

H = 10,000

i

=}

H=SEA LEVEL

|

%e

0.7

0.l

09 10 LI

cg Location for Configuration 7

13 1.4

AEDC-TR-73-186

Fig. 19 Trim Stabilator Angle as a Function of Mach Number, Altitude, and



AEDC-TR-73-186

CONFIG STORE

A 5 PAVESTORM O
o 6 PAVESTORM 1
a 7 PAVESTORM 11

eg= 0 33C GW.» 48,000

a'm-- . ;A\&

H= 30,000

[ M = 20,000

Mﬁ =
!
ﬁ&

-84

H = 10,000

s'mm
-4

-y -e ;59\ [ W = SEA LEVEL

o |
0.6 0.7 o8 0.9 1.0 1.0 12 13 1.4
Mo

Fig. 20 Comparison of Trim Stabilator Angle as a Function of Mach Number
and Altitude for Configurations 5, 6, and 7 at a cg Location of 0.33C

36



AEDC-TR-73-186

CONF,  STORE G
A S PAVESTORM O 46,000
o 6 PAVESTORM I 46,000
Jd 7 PAVESTORM I 46,000
W= SEA LEVEL
62
NP(%C)
50
i /}:
" /)
/1
a6 74
A
. /
) /
34 e
30
26
0.6 0.7 0.8 0.9 1.0 ) 1.2 13

a. H = Sea Level
Fig. 21 Comparison of the Neutral-Point Location as a Function of
Mach Number and Altitude for Configurations 5, 6, and 7

37



AEDC-TR-73-186

CONF. STORE G.W.

A S PAVESTORM O 46,000
Lo} 6 PAVESTORM I 46,000
| 7 PAVESTORM I 46,000
Hs (0,000
62
NP(M%C)
-]

sa /A?

.4
%4

i i

343

30

os or o8 0s 1.0 1.1 1.2 .3

b. H= 10,000 ft
Fig. 21 Continued

38



CONE  STORE _ew

A 85 PAVESTORM O 46,000
O 8 PAVESTORM I 45,000
4 7 PAVESTORMII 46,000

H = 20,000

AEDC-TR-73-186

NP(%C)

48

. b

s4b: —

30

20

0.6 0.7 oe 09 Lo L1

c. H=20,000 ft
Fig. 21 Continued

39



AEDC-TR-73-186

CONE  STORE Sw_
A - PAVESTORM O 46,000
0 [ PAVESTORM I 486,000
a4 7 PAVESTORM I 46,000
H = 30,000
82
NP(%C)
%8
a4
. /39’
Y.
i F4
., /
38
34 ]
/
—
=t
30—
26
08 [o X 4 [+ ¥ .} 09 1.0 1.0 1.2
d. H = 30,000 ft

Fig. 21 Concluded

40



[
(o]
a

009

CONFIG STORE

PAVESTORM ©
PAVESTORM 1
PAVESTORM 11

cg=0 33C GW « 48,000

L
6
7

=

[~ o

H= 30,000

o 08

]

|

H= 20,000

008

wl|

V4

R

C

He'10,000

008

/
)/
d

007

0.06

0.08

009

M SEA LEVEL

ch
oocs

/i

007

11|

008

008

o

o8 0.7 08

09

AEDC-TR-73-186.

Fig. 22 Lift Curve Slope at Trim as a Function of Mach Number and
Altitude for Configurations 5, 6, and 7

41



AEDC-TR-73-186

CONFIG STORE

a 3 PAVESTORM O
o 6 PAVESTORM 1
a 7 PAVESTORM Il
0004 "'l_q zl5.° E_WI'_"'ooo-_ ...... —
. T
Cmg :% i
- - .
t
§%% Vo ]
l\ T W 30,000
LI N
) ]
i |
] ~ ] Q
| 1
1]
M » 20,000
1

[-)

-0004

M =SEA LEVEL-

+—

-0008
.|

-0012 : - ‘

-ooe0 §i—

T00r e o7 08 0% 10 11tz 13 &4

a. cg=0.25C
Fig. 23 Slope of Pitching-Moment Coefficient versus Angle-of-Attack
Curve at Trim as a Function of Mach Number, Altitude, and
cg Location for Configurations 5, 6, and 7

42



AEDC-TR-73-188

CONFIS STORE

a s PAVESTORM O
O 6  PAVESTORM 1
A 7  PAVESTORM 11
€3=0 33C GW = 46,000
T [ b —
Oﬁ\\ | [H+ 30,000
tha ] )
~0004 } n -
e |
-0 008}~ h
Il \
|
-ooz l l -&\A
I aRNEgEn
-00I8 - -hi‘?
! L
[ T | SR
A i Sgy # » 20,000
' 1
] [T
!
-0002a
[
A
-0012 —
-o0ie \&Q
[ : 11
cn M= 10,000
-0004 |
-0008 l |
-0012
-oole [ 11

835 v = SEA LEVEL
Cm

oo0s| s L I

-ooigl ¢ —lL

-0018
o8 o7 oe (-3 ] o 1" 12 3 14

b. cg = 0.33C
Fig. 23 Continued

43



AEDC-TR-73-186

CONFIG STORE

PAVESTORM O

PAVESTORM [
PAVESTORM 1]
cQe0 38C GW 145,000

P'-

-0 004

-0012

-0 018

c. cg =0.36C
Fig. 23 Concluded

44



AEDC-TR-73-186

CONFIG STORE

O 6 PAVESTORM I
O 8 MiI18 LGB
2.0
AQ,
i.0 :
/, v . ﬂ
0 ] ] |
0 0.2 0.4 0.6 0.8 i.0 1.2 1.4
Mo
a. Single-Mounted Stores
CONFIG STORE
0 12 SuUuU 51B/8B
2.0
aAaq, T
1.0
~
0
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

b. Multiple-Mounted Stores
Fig. 24 Change in Angle of Zero Lift for Various Store Configurations

435



AEDC-TR-73-186

o —H
A 10,000
QO 20,000
0 30,000
0  CoNFig 80 PAVESTORM ©
Gy frln%
. \\
N
N
7 ‘ \\
NeE
. \ \
JN \ \J
' \\\ - o
3 \\ \ - ~
SRANAN ~_|
2 ‘\\\?\ |. j\?\\‘\\&]
LT o -
' Tod* ﬂ\:i
0

o X 0.7 os 09

1.0 (4] t2 1.3

a. cg=0.25C
Fig. 25 Trim Angle of Attack as a Function of Mach Number, Altitude,
and cg Location for Configuration 5

46

Mo

L4



AEDC-TR-73-186

H

(o] SL

A 10,000

g 20,000

¢ 30,000

GwW.» 46,000 eg- 0.33C
o ONFIG.S; PAVESTORM O
Qytrim
s‘\\
N
ol
. \\
Q@
6
N
LN
i
I NEENEN
AN \\\ ) ‘N.ro\\o\\
\\ N -
2 N
o \\

1 : ’\\‘\%7
0
0.6 0.7 0.8 0.9 1.0 Il 1.2 1.3 1.4

b. cg = 0.33C
Fig. 25 Continued

47



AEDC-TR-73-186

H
SL

10,000

20,000

30,000

GW.* 46,000 ¢g * 0.36C

CONFIG.5; PAVESTORM O

<opo

10
Gw m«gq
N\
s N
\
= \
o \
N
. \
AL NN
s S \\\ \L \OTL ~1_
. N ORBeTe— | | TY
RN e Sl
%¢ o7 os os 10 1l 12 1.3 . 1.4
c. cg=0.36C

Fig. 25 Concluded

48



AEDC-TR-73-186

8 T
A 10,000
O 20,000
o 30,000
GW. » 46,000 ¢g9=0.25C
Iog CONFiG.6, PAVESTORM 1
Qu trim
RA
\\
LN
X
7
SRR
6
\\ \
. SIEAN
A \\
4\\
\\\ O
. NENEACSE
S LY T~ _
. NN e
AN e e
| . B O
00.8 0.7 0.8 09 1.0 (N | 1.2 .3 p e
a. cg=0.25C

Fig. 26 Trim Angle of Attack as a Function of Mach Number, Altitude,
and cg Location for Configuration 6

49



AEDC-TR-73-186

io

L I
o " s
A 10,000
O 20,000
0 30,000

GW = 48,000 cg= 0.33C
CONFIG.6; PAVESTORM I

Gy trim

o

N .
30‘\ \\ I ,A‘\o\x
2 A <
AN e AR
! )
%.‘ 0.7 0.8 0.9 1.0 .1 l.2 1.3 "

b. ¢g=0.33C
Fig. 26 Continued

50



H

SL
10,000
20,000
30,000
QW.2 46,000 ¢cg* 0.36C
CONFIG 6; PAVESTORM I

<QOpo

AEDC-TR-73-186

e
. \
\
7 N\
\
. \
A ;
: \ |
NEAM |
AL NN
NEEAN }&
30, 2 ! M\H
[IRNEANA ~[
. N AP | | T
\*\Wﬁ:&h ““:li

c. cg = 0.36C
Fig. 26 Concluded

51



AEDC-TR-73-186

o sL

A 10,000
D 20,000
O 30,000

GwW.= 46,000 <¢g*=0.25C
CONFIG.7, PAVESTORMII

IO?\

Qyw trim

/

/

V4
4P a4

)

7

i

Y&-—A—

17
UL

0.6 o7 08 0.9 1.0 Ll 1.2 1.3 X
Moo

a. cg=0.25C
Fig. 27 Trim Angle of Attack as a Function of Mach Number, Altitude,
and cg Location for Configuration 7

52



H

St
10,000
20,000
30,000

GW = 48,000 ¢c9=0.33C
CONFIG. PAVESTORM X1

<0pbo

By

AEDC-TR-73-186

/L

3 ™ \ \F\N %W\\O”\JT\
\\ NG | T~
. RN \Kﬁ?
ANDGES SRS
%.is 0.7 0.8 0.9 1.0 1.1 .2 t.3
b. ¢g =0.33C

Fig. 27 Continued

53

1.4



AEDC-TR-73-186

.
SL
10,000
20,000
30,000

<0p o

QW.2 46,000 cg¢* 0.36C
CONFIG.7; PAVESTORMI

s 0
B\
7 \\
\\
6 B N
\
TN \\
AL LN \
W \\ |
y \\ N[N
N \\ \, ’\\\
I
BN Sanss:
1 1.r
00.6 o7 (o] ] 09 1.0 1.1 12 L3 14
c. cg= 0.36C

Fig. 27 Concluded

54



AEDC-TR-73-186

<g
o oa2s¢c
A 033
o 0.38C
‘o STORE: NONE, CONFIG 1, G.W. » 38,000
i [ H = 30,000
3"'“ T~
{
-8 — -
<
< (J! Mo
I~ Ao
-8 ™A T ﬁ!
poN : i
| oy I
-4
|
-2 1
(]
-8
M = 20,000
LTI -+ [
- 2%
: —
45
-2
o
o T 1 g
teim 0 ‘ :
-ad> : d ] J
-2
o
-8
s l M= SEA LEVEL
Strim O] = —
Y\
-2
s oT  ob 09 10 Lt 12 L3 1.4

Moo

Fig. 28 Trim Stabilator Angle as a Function of Mach Number, Altitude,
and cg Location for Configuration 1

55



AEDC-TR-73-186

CONFIG STORE
1 NONE

cgu=0.33C G.W = 38,000

009

H » 30,000

ch

0.09 —
H = 20,000

CiLa
008

ooT /Gr

006

0.0% .

0.09 —
H=10,000

CLg

0.08 f

0.07

006

0086

0.00 —
H “SEA LEYEL

CLa
0.08

oor

oseP—T—

oest
4
°° 8

o7 o8 09 0 1 1.3 4

Fig. 29 Lift-Curve Slope at Trim as a Function of Mach Number and
Altitude for Configuration 1

56



AEDC-TR-73-186

o 02%
a 033
o 036
" STORE NOWE, CONFIG |, G W » 38,000
%. (. - | .J.__l
== |
N | |
- ’\E\‘L H = 30,000 |
T~ et ~a
N N
"N (Y
\\
W P
N
\I-.‘_.h‘---‘
[}
IX
l\
AR |
™1 ‘j By M= 20,000
| AN
\ =
" ]
\j}n A
o} ’41 P~
~Ab
)\
| 'y " lu:l.:r:m
)}
\ ~ i
\. l“"."‘-_\l
ha e
—
oh—} =y [~
0004 3
° 0““-_‘-—- T \‘A H= SEALEVEL
et
ooie \
oois {'if\\ b
T D'""'-ﬂ...,,_
0 of0 —t—1
i 11
°‘"tc oir o8 09 |ol 1 e 3 e

Fig. 30 Slope of Pitching-Moment Coefficient versus Angle-of-Attack
Curve as a Function of Mach Number, Altitude, and cg Location
for Configuration 1

57



AEDC-TR-73-186

H

SL
10,000
20,000
30,000

Gw.*» 38,000 <¢cg*0.25C
10 g,NLFl_g._l._srons: NONE

<o0po

Qyw trim

R E

0
0s 0.7 08 09 1.0 L 1.2 .3
Moo

a. cg=0.25C
Fig. 31 Trim Angle of Attack as a Function of Mach Number, Altitude,
and cg Location for Configuration 1

58

1.4



AEDC-TR-73-186

H
o] SL
A 10,000
0O 20,000
¢ 30,000
G.w. » 38,000 cg =0.33C
10 CONFIG I; STORE: NONE
Gy trim
9
8
TN
X
[

| AT

URNR N
SEANRNLLNE
< . g ‘JI
! — A
O~ :
%.3 0.7 0.8 09 1.0 A 1.2 T! - 1.4
b. cg=0.33C

Fig. 31 Continued

59



AEDC-TR-73-186

H
o sL
A 10,000
O 20,000
{0 30,000
GW.» 38,000 cg= 0.36C
CONFIG.1, STORE: NONE

10

Gy trim

N\
\\\ \J
tNUHRNE
NURANAY
. RANAUAAN
, AN e e S
< W:T':t —
00.5 0.7 08 0.9 1.0 (A 1.2 .3
c. cg=0.36C

Fig. 31 Concluded

60



AEDC-TR-73-186

O 02sc
A 033
o 0.38C

-10 370 GAL TANK, CONFIG 2, G.W.= 38,000

H=30,000
al'ﬂ_
-8
O,

) RaagW

-?r ’% 233 %’

H=20,000

W= 10,000

Ha= SEA LEVEL

%.8 0.7 0.8 o9 1.0 [N 1.2 1.3 14
Me

Fig. 32 Trim Stabilator Angle as a Function of Mach Number, Altitude,
and cg Location for Configuration 2

61



AEDC-TR-73-186

CONFIG STORE
2 370 GAL TANK

cg*033C G6W =38,000
009

H+ 30,000

CL.
!

oos ' >y

0.07 o

{

0.06

N

o.o0s .
¢, H = 20,000
a

~
0.07 / \\U

0.06

0.06

0.09 .
CLq H= 10,000

.08

o —
0.07 - )ftu \\\El

0.06—]

0.05

0.09

cL H * SEA LEVEL

.08

0.07 ~9 B

(X o7 os 0.9 10 i) 1.2 13 .4

Fig. 33 Lift-Curve Slope at Trim as a Function of Mach Number
and Altitude for Configuration 2

62



AEDC-TR-73-186

9
o o025
A 03X
O 03¥C
370 GAL TANK, CONFIG 2, @W = 38,000
] T
Cmg = -
< AN He30,000 |
W \ 177
~ |
ARERSS YeES
: \\‘
% \ 1
OL N
J
T N
B H * 20,000
A
] \\
N
I.AN
) |
~ 1
N
K
)
U
A :\\ !
o H = 10,000
AN NN !
AT |
4 N
DR
.
|
o p
- 0004 \
N\, MaSEA LEVEL
—4 n
-0 008 ~
\ A\
-0 012 \ / \\ N
sl AN
N
-0 G20 }
-1 ) o7 os o9 .0 i (% 4 3 14
e

Fig. 34 Slope of Pitching-Moment Coefficient versus Angle-of-Attack .
Curve at Trim as a Function of Mach Number, Altitude, and
cg Location for Configuration 2

63



AEDC-TR-73-186

H
o) sL
A 10,000
O 20,000
O 30,000
G.wW » 38,000 <¢g=0.25C
i CONFIG. 2; 370 GAL. TANK
Ay trim
9
o &
, \\
-]
~ \\
s N
NEERN
NERNEA
NHRNEN
3 \ \
N
o \\
AEESESAANENE S
a = o
- T3
( —
(¢]
0.6 0.7 o8 09 1.0 Ll 1.2 1.3
M
a. cg = 0.25C

Fig. 35 Trim Angle of Attack as a Function of Mach Number, Altitude,
and cg Location for Configuration 2

64



AEDC-TR-73-186

=28 -

st
10,000
20,000
30,000
GW. » 38000 _ cg = 0.33C
c

N}JTZ: 370 GAL TANK

<n0pbo

10

Qg trim

/
4
B

N N
3
AN \\ ' ?‘O\N\
2
NN T e
I o< ﬁ =
0
0.6 0.7 0.8 0.9 1.0 X 2 1.3 L4
L
b. cg = 0.33C

Fig. 35 Continued

65



AEDC-TR-73-186

H

SL
10,000
20,000
30,000
GW s 38,000 «cg = 0.36C
CONFIG 2; 370 GAL TANK

<0oPb o

N
N\
N

\
o N

\\
NENEEN
HENERYN
3 \‘\L\\ \) vy

. S

RNUANM '

‘} .

7

/]

P

AR
ﬁt

| Cn)yC
\
0
06 0.7 (o X ] 09 1.0 Il
c. cg = 0.36C

Fig. 35 Concluded

66



9
o 02s5C
A 033
a 03C

MIID LGB, CONFIG 8, GW =46,000

N .-no ] I.. H» 30,000
teim
AN
-8
,.:/—flﬁ b\ |
iy ] 2 '
MR 3
-42 I ;
-2
. I [
i T f\ H » 20,000
rim 1 \1
-8 - N -
N !
P _.-...A'-‘f . N pg———
-2
+]
| H=10,000
-.S(K - \ J.
3'"". . _J__—‘ +— N
-2
o |
A H = SEALEVEL
-8
s'lmn P
-2 4
I
%6 09 10 12 1.3 s

AEDC-TR-73-186

Fig. 36 Trim Stabilator Angle as a Function of Mach Number, Altitude,

and cg Location for Configuration 8

67



AEDC-TR-73-186

CONFIG STORE
8 Mile LGB

eg=033C GW =38,000

H= 30,000

0.09 R\
CLq \\
A

0.08 N

)/& e L\\o

0.07 L

0.06 —4

0.05L

0.09 T v
H = 20,000

0.08 N g

oor ——

CL

e

0.06

™

-0.09 v v
H+= 10,00

Q.08 I \ ™

007 ;’ T4

X~

0.09

CLa H = SEA LEVEL

0.08

0.07 /

06 0.7 08 0.9 1.0 I 12 13 4
Me

Fig. 37 Lift-Curve Slope at Trim as a Function of Mach Number and
Altitude at a cg Location of 0.33C for Configuration 8

68



AEDC-TR-73-186

noasc
A 033¢
© o36c
M118 LOS, CONFIG 8, G.W » 48,000
000
Cma }‘
° ™ ——
\\\ ™ .
. |
M » 30,000
T
Ny
\ _—
——d |
y.
/ |
1| N \/
°
o et O t{
P W =20,000
1\ \
RSN
&/ D
i y:
7N
o -, | DN
i -
\ |
Sy He 10,000
Al N |
\\‘
J N
T T\
N
N
. ~ K
N
-0004 A
S T
I NS 1
moone NE RSN,
Ty
-0 02 » <
I N N
-oo0s
\\
-oo020
o8 o7 os os 10 LI If L3_ 1Le

Fig. 38 Slope of Pitching-Moment Coefficient versus Angle-of-Attack
Curve at Trim as a Function of Mach Number, Altitude, and
cg Location for Configuration 8

69



AEDC-TR-73-186

o
A
D
0

H

SL
10,000
20,000
30,000

GW. = 46,000 <¢c9 =0.28C

CONFIG.8; MI8 LGB

A

ol N R ‘\ro-
NEN

e

I~
e "‘*--J
:‘-"‘""ﬁ
)
' o
& A
06 07 o8 0.9 1.0 1l (%] 3 19
M,
a. cg = 0.25C

Fig. 39 Trim Angle of Attack as a Function of Mach Number, Altitude,
and cg Location for Configuration 8

70



AEDC-TR-73-186

H

SL
10,000
20,000
30,000
G.W. = 46,000 cg = 0.33C
10 CONFIG.8. M8 LGB

<agpo

Ty trim

/
/
}/ 7

¢ =0
3 AN \ \?\‘a
§ .. [~

’ R S—

t
0

0.6 0.7 0.8 0.9 1.0 K] 1.2 1.3 L4

My,
b. cg=0.33C

Fig. 39 Continued

71



AEDC-TR-73-186

o sL
A 10,000
O 20,000
¢ 30.000
GWs 46000 cg* 0.36C
10 CONFIG.8; MIIBLGB
Quw trim ,
N
N\ | | |
o .
7
AN \
NER)
J N
AERY
q \\\ \‘\J \
N - :
N T &2 ™~
3 -
\\\ Pl o Le ~
2 \J\L- P . —
. T
%:e or o8 09 (o] Ll L2 1.3
Mo

¢. cg=0.36C
Fig. 39 Concluded

72



AEDC-TR-73-186

o o2sc
a 033
o -036C
10 SUU 51 B/B, CONFIG 12, G W = 46,000
- - | |
Baim L_.L Jd L L | ) n_-rao.noo
- 'c‘\ ] 1 — | ! —1
~~L Y N
_‘Hfﬁ \{ _T
- G )
Wi - 3
|
- ‘ I
J/”'/I/d
&1 .

., ) BG\\ | H « 20,000
-6 \\ ¥ I A ‘\\ J
H | &}"‘ o
B A 1
= - i '
o—t1" |
-2
o
e O\ H» 10,000
Beim j\}\ )-.:Ydl V\\
- & /I\ l & L\\‘—n
7 —t
-2
0 I L
e | [ ol ! H= SEALEVEL
T e S AN
C R
e e il D
? t
-2
%¢ o7 o8 o5 10 u 2 13 14

Fig. 40 Trim Stabilator Angle as a Function of Mach Number, Altitude,
and cg Location for Configuration 12

73



AEDC-TR-73-186

CONFiI6 STORE
2. Suusi e/B

cge=033C G.W. =858,000
0.09

CiLa

T
H= 30,000

0.08 \
FZEERN

N

006

i
[+)

0.09
. l

008 Af%\_\\

007 +

T
H=20,000

0.0C&/

008

0.09

Hs 10,000

CrLa
0.08 2o

007 ﬁ ’ ‘ e

0.08

HeSEA LEVEL

007

0,082
)
08 07 0.8 09 1.0 it 1.2 1.3 1.4
Me

Fig. 41 Lift-Curve Stope at Trim as a Function of Mach Number and
Altitude for Configuration 12

74



Fig.

AEDC-TR-73-186

o oesc
A 033
PR
SUU 51 B/R, CONFIR, i2, G W = 50,000
0 004
_ “*:T?! | ]
bt 1
Cag 1
| WEE VY
: : \! [ |
N {4\ W 30,000
\ M
1
%
3
EamtEEScs:
ST
N R
t (BN
~L_ T\
\, H * 20,000
HRNAN
] = ®
\ N
s
\.“\.
I~
oL L
o
e
HAR
o— Y\ \.‘,\
\\ W= |0, 000
\ NN
b
3
.
- I —
. o\
™
& \
ao“‘ §- & ‘\c\L
ey k\ W BEA LEVEL
\ <
-00lR k \\
-0DIs \\
-oozo0 | | ! 'L\'
-0084 [ [ ]
o8 or oe os 0 Lz I3 14

42 Slope of Pitching-Moment Coefficient Curve versus Angle-of-Attack
Curve at Trim as a Function of Mach Number, Altitude, and cg Location
for Configuration 12

75



AEDC-TR-73-186

H

SL
10,000
20,000
30,000

ew." 38,000 cg =0.25¢C

<0po

n ONFIG. 12: SuU
\
Cu trim X ’ﬁ
10 \\
X

] \\\

- \
[

N
. \\ :
6 ‘\

% AN
N \

N

+Q \1 -

N \

s AN 2 )
2 \l\ . ann ™~

\

1 \g-\ 5

oo.c 07 o8 09 1.0 " 1.2 .3 e
e
a. cg = 0.25C

Fig. 43 Trim Angle of Attack as a Function of Mach Number, Altitude,
and cg Location for Configuration 12

76



AEDC-TR-73-186

(o] SL
A 10,000
0O 20,000
$ 30000
G.W.s 58,000 cg +0.33¢C
Gw trim
it \

10 \

\\\ \ !
AN 0N
4 X e
\\ \\ N
: A N | B B \\\
NN x%v”\?\ N~
3N .
2 \%" F\\E\\N; :
: ~ <t
' )
%.6 ol 4 oe 09 1.0 .1 1.2 N .3 14

b. c¢g=0.33C
Fig. 43 Continued

77



AEDC-TR-73-186

L.
CTH
10,000
20.000
30,000

<opo

GV = 58,000 eg=0.36C

<

EETE

Ay vim

-

\\ \

< N A\ X

<->\ \\ \M,rv\

EANANA W X

2 s . \‘\ J]é,

./A \

.' \?

oac 0.7 08— 09 Lo 11 L2 .3 - 14

c. cg=0.36C

Fig. 43 Concluded

78



©
o

CONFIG
' NONE
] PAVESTORM I
12 suu siese

STORE

cge 0.33C

ow

38,000
46,000
$8,000

H = 30,000

N

!

H = 20,000

H—

Hs 10,000

y,
-

—0

M e SEA LEVEL

T
/

]
-2

0.7

08

09 1.0 u

AEDC-TR-73-186

Fig. 44 Comparison of Trim Stabilator Angle as a Function of Mach Number
and Altitude at a cg Location of 0.33C for Configurations 1, 6, and 12

79



AEDC-TR-73-186

CONF. STORE G.W

O 1 NONE 38,000
O © PAVESTORM I 46,000
D 12 Suusienm 58,000

H= SEA LEVEL

NP{%C)

S8

LY /

46

- Bl

30

0.6 0.7 0.8 0.9 1.0 Ll L2
M,
' a. H = Sea Level
Fig. 45 Comparison of the Neutral-Point Location as a Function of
Mach Number and Altitude for Configurations 1, 6, and 12

80



AEDC-TR-73-186

CONF. STORE G.W.
O |  NONE 38,000
8 PAVESTORM [ 46,000
D 12 Suusien 58,000

H 2 10,000

NP(%C)

46

42

7_‘_03

!

oy

0.8 Q9 1.0 Ll L2 13
Mg,

b. H= 10,000 ft
Fig. 45 Continued

81



AEDC-TR-73-186

(o] i NONE 38,000

O 8 PAVESTORM I 46,000
Q (2 suvvsiem 58,000

W = 20,000

NP(%C)

54

S0

™N

46 }‘ /

42

26
08 o7 o8 09 12 X

c. H= 20,000 ft
Fig. 45 Continued

82

13



CONF  STORE G.W.
O 1  NONE 38,000
O 6 PAVESTORM I 48,000
O 12 Suu Sl e/e 56,000
H* 30,000

AEDC-TR-73-186

NP{%C)

so

446

42

38

34

0.6

o7 0o 09 1.0 L1

d. H= 30,000 ft
Fig. 45 Concluded

83

1.2 L3



AEDC-TR-73-186

CONFIG STORE
[} [] FaVESTORM |
e -8 MiI8 LGB
cg=0.33C 6.W. = 48,000

H e 30,000

FANEEN

H = 20,000

.'Orln ; N

-4 >

[
a' . Hs= SE’ LEVEL
e % N l

-4

o .
oe 0.7 08 09 1.0 1l 1.2 1.3 1.4
Ma

Fig. 46 Comparison of Trim Stabilator Angle as a Function of Mach Number
and Altitude at a cg Location of 0.33C for Configurations 6 and 18

84



AEDC-TR-73-186

o 6 PAVESTORM I 48,000
o 8 MIiI8LGB 46,000
H = SEA LEVEL
62
NP (%C)
5 )<

s /

- )/

N
NN

46

42

38

34 _ 4

30

s o7 0.8 0.9 1.0 Lt 1.2 13
Me

a. H = Sea Level
Fig. 47 Comparison of Neutral-Point Location as a Function of Mach Number
and Altitude for Configurations 6 and 8

85



AEDC-TR-73-186

SONE  STORE LW
< 6 PAVESTORM I 46,000
0 8 MieLes 486,000

H = 10,000
82

NP (%C)

50

46

42

34

oe o os 09 1.0 11 1.2

b. H= 10,000 ft
Fig. 47 Continued

86

3



AEDC-TR-73-186

CONE  JTORE .
(o 6 PAVESTORM I 46,000
o 8 wMuBLGE 46,000

N+ 20,000

62

NP(%C)

46 ///

. \Y
W/
34 ﬁis/
30
28
o 0.7 0.8 09 1.0 it 12 13

c. H = 20,000 ft
Fig. 47 Continued

87



AEDC-TR-73-186

CONF.  STORE oW
o) € PAVESTORM 1 46,000
o 8 MII8 LGB 46,000
M * 30,000 !
62
NP(%C)
58
" ,//'{,
/o
, J?/
42
38 /
3 /
—— 4
o
30
“/
0.6 o7 0.8 0.9 10 _l:l 1.2 - 3
d. H = 30,000 ft

Fig. 47 Concluded

88



AEDC-TR-73-186

CONF STORE

A 5 PAVESTORM O
O 6 PAVESTORM I
a4 7 PAVESTORM T

-2.4

€,(deg)

/A
\

-0 8= i g\

1.2

de/daw

0.8

b——?
e
o/

4

0.4

Fig. 48 Downwash Characteristics of Configurations 5, 6, and 7

89



AEDC-TR-73-186

CONF .STORE
(o] [ CLEAN
o 2 370-GAL. TANK
O 6 PAVESTORM T
o 8 M- 118 LGB
0o 12 SuuU-SI B/B
-2 4 £
€, ldeg) l{;\\
-i.®
= a1k
1 15
AN
DN
0 L)
1.2
“Idaw
0.8 2.0
/
ol
0.4
0
0.6 0.8 1.0 1.2 t4

Fig. 49 Downwash Characteristics of Configurations 1, 2, 6, 8, and 12

90



I6

CONFIG

o] !
(@ 2
O 6
o s
0 12
-7
{Cmo)
8,:-08
210-2 ¢ \
-5
//, | 5 € 0 *0\
-4 1 | __—-\/’ : | N i N
it’ o SR ‘:‘)—-—QW \§ ~o0
r i =)
-2 S
\--—Q
-1
0
04 0.5 0.6 0.7 R} 0.9 1.0 1d 1.2 1.3
Me

Fig. 50 Effect of External Stores on Cy,

1.4

981-£4-441-0403V



AEDC-TR-73-186

O TOTAL
A  HORIZONTAL TAIL
O WING-80DY

-0.020

(BCmg)

8,206
-0.0t6

-0.012

-0.004

an
-0.008 : T
|

A\

.

OA— A g -_—
v\

N S

0004 _ -
]
0.008 -
| )
0012 , /T

Qs 0.7 0.8 09 1.0 (.1 1.2

Fig.. 51 Results of Downwash Analysis for Configuration 6

92



AEDC-TR-73-186

JOTAL
HORIZONTAL TAIL
WING-B80DY

obo

-0.024
(aCm,)

8;"05&

-0.020

-0016

-0.012 ﬁl

-0.0080)—

-0.004?-—_-__—-l
A

d

Wy ===
0.004 ) | _/é
0.008 l :

0.6 0.7 0.8 0.9 1.0 L1 1.2 1.3 1.4
M

Fig. 52 Results of Downwash Analysis for Configuration 8

93



AEDC-TR-73-186

O TOTAL

A  HORIZONTAL TAIL
O - WING-B0DY

- 0.020
(A cll!o)

845-06

- o--o's

-0.0t2

- 0.008

- 0.004

0.004
——/ \
0.008 k
0.012 \\
_ 0
0.016
N
~N
06 0.7 0.8 0.9 1.0 L 1.2 L3 L4

Fig. 53 Results of Downwash Analysis for Configuration 12

94



$6

CONFIG

0 | CLEAN
o 2 370 GAL TANK and INBOARD PYLONS
a 3 370 GAL TANK ond INBOARD TERS
0 4 370 GAL TANK and INBOARD TERS and ¢ MER
D 10 SUU-30H/B, ¢ .CLEAN
o Il Suu-30HW/B, § FULL
-7
{Crma)
8,208
2102 _¢
" AL R
_ - N
-4 = ] _— .
p ——] N\ o
_’—-‘
-3
¥‘ ! —ﬂ
-2 o
-l
0.4 0.5 0.6 0.7 0.8 0.9 1.0 ) L2 1.3 e

Fig. 54 Effect of Various External Stores on C,, o

981-££4-41-003V



AEDC-TR-73-186

-0 T v
CONFIG
ANP%C a4 5
e o 3 3
. VAN
AN
-4 5
Z / i)
E/,/
-2
0

Fig. 55 Comparison of Incremental Change in Neutral-Point Location
for Configurations 5, 6, and 7

-]10
CONFIG
ANP%C 0 2
QO o
-8 g :
HEN 3
: -
-4 o
/
-2 :
Y A4
0
0.6 0.7 0.8 0.9 1.0 t.} i.e .3 1.4

Fig. 56 Comparison of Incremental Change in Neutral-Point Location
for Configurations 2, 4, 8, 9, and 12

96



AEDC-TR-73-186

-le ' CONFIG
ANP%C g :2 .
-8 9 q 15 A
=
-6 /(E MNN
A \
7
B N\
| 7
l -t
~—r
o 1

Fig. 57 Comparison of Incremental Change in Neutral-Point Location
for Configurations 13, 14, and 15

0.4 0.5

0.6

0.7

o8

0.9 1.0 (N .2 .3

Fig. 58 Comparison of Incremental Change in Neutral-Point Location
for Configurations 4, 11, 12, 13, and 16

97



AEDC-TR-73-186

- | O L .
CONFIG
O & -
ANP (%C) o s
-8

RN ’L?,//"’

Fig. 59 Comparison of Incremental Change in Neutral-Point Location
for Configurations 6 and 8

{1!) ' con;Fm
D 10 ﬂ
S I

-10
ANP(%C)

|
i i

/ ~

=20
el 1
o
0.4 0.5 0.6 0.7 0.8 0.9 .o (A | 1.2 1.3

Fig. 60 Comparison of Incremental Change in Neutral-Point Location
for Configurations 10 and 11

98



AEDC-TR-73-186

Me=0.85 § =02 3Jg=-06

-8 CONFIG
o 2
ANPy (%C) a 3
UNFINNED STORE (REF 5.} ") 4
-6 — A\ A 5
FINNED STORE (REF &)~ | W1+ O s
Y A 7
. —T o 8
-4 /gr‘o’)’ % 9
10
~ 4~ el S =TT
A% 5 1
0 v 4
V/l%{-o q s
0 16
o o
o 4 8 12 16 20 24
Ap(FT2)

a. Wing-Mounted Store Frontal Area Correlation
O WIND TUNNEL RESULTS
O PREDICTIONS (REF 8)

~10 CONFIG 6, PAVESTORM 1, H= 10,000 FT, GW=z46,000

ANP1g(%C)

/——'

/O/. N\ \(JI:.

0 1
0.6 0.7 0.8 0.9 1.0 . (N 1.2 .3

b. Generalized Prediction Technique of Ref. 6
Fig. 61 Comparison of Measured Neutral-Point Shifts with Results
from Existing Prediction Techniques

99



AEDC-TR-73-186

COMFI@  STORE ew.
o ' CLEAN 38,000
a 2 370 GAL TANK "
O 8 PSSO 48,000
< (] PS | "
4 7 PS2 “
o s NIIS LGB "
o 12 SUu 518/8 $8,000
M= SEA LEVEL cg=0.25C
009
o trim - "
0.08 v °
0.07
L
/ —
0.08
7 —
2
0.08 e
‘ 4]5 —
0.04 ] '
—
003 i
0.02
aor
o
0.8 0.6 0.7 os 0.9 1.0 1 1.2 .3 7

a. H = Sea Level
Fig. 62 Trim Drag Characteristics of the F-4C with Various External Store Configurations
for Several Altitudes at a cg Location of 0.25C

100



AEDC-TR-73-186

CONF1G STORE oW
(o] I CLEAN 38,000
[®] 2 370 GAL TANK "
A S PS O 46,000
o 6 PS "
A 7 PS2 "
Q 8 Mile LGB "
0 12 sSwu 518/8 50,000
0.09 H = 10,000 eg= 0.25C
. ] 5
co trim ]
0.08 ;/(
0.07
0.08 /{ /V
0.08 =4
. ]
\J -
0.04 ! : T g{l
0.03 A —
‘)\\¥
0.02
0.0t
[+]
0.5 0.6 0.7 0.8 0.9 1.0 Il 1.2 1.3 1.4
M,

b. H = 10,000 ft
Fig. 62 Continued

101



AEDC-TR-73-186

CONFIG STORE G.w.
0 | CLEAN 38,000
a] 2 370 GAL TANK "
A ] PSO 46,000
< 6 PS 1 --
4 7 PS 2 "
1% 8 MIiB LGB "
(s 12 Suu si18/8 58,000

H= 20,000 cg= 0.25C

0.09 /.49
Cptrim 7‘L/
0.08 %
Qo7 /
g
006
£ /ql’/
0.08 N, \_JL/d _ " . —
B '/79/
004 T\‘\ q /r®
N J
003 ' \:ﬁp
002
0.01
°o. 5 os (g 08 0.9 Lo X 1.2

c. H=20,000 ft
Fig. 62 Continued

102



AEDC-TR-73-186

CONFiG STORE G.W.
o 1 CLEAN 38,000
a 2 370 GAL TANK ..
A [ PS O 46,000
O 6 P8 | “
a4 7 PSS 2 "
o s M8 LGB “
0o 12 SUL BIB/B 58,000
H = 30,000 cg= 0,25C.
0:11
c“lrln
0:40 ?\ {
. 008 i\ i >
\ * 4
\[ || /
0.08
\ ;
L
0.07 1& \ "! —
L =
0.08 \\ n-""'#—_-
‘ =
\ >
/ | o
0.08 73’
N\ . 21/ /
\ \ !
0:04 AN |5
; vl
0:03
0.02
0.01
o
0.5 0.6 0.7 0.8 0.9 1.0 1.2 13 .4

d. H = 30,000 ft
Fig. 62 Concluded

103



AEDC-TR-73-186

CONFIG STORE G.W.
(o] 1 CLEAN 38,000
a 2 370 GAL TANK "
A s PS O 46,000
<o 6 PS | u
a4 7 PS 2 "
Q [ MIl8 LGB "
0 12 SVU SiB/B 58,000
H=SEA LEVEL ¢g=0.33C
0.09 :
Cotrim e
0.08 v
0.07
.0.06 I N —
[ —
0.08 { )-.%
,,ﬁ -
0.04
_
N
0.03 &
Py
Ny
0.02
0.0l
0
0.5 0.6 0.7 08 0.9 1.0 L1 1.2 .3 1.4

a. H = Sea Level
Fig. 63 Trim Drag Characteristics of the F-4C with Various External Store Configurations
for Several Altitudes at a cg Location of 0.33C

104



AEDC-TR-73-186

CONFIG STORE G.W.
o I CLEAN 38,000
o 2 370 GAL TANK "
A 5 PS O 46,000
6 PS I "
2 7 PS 2 "
o) 8 M8 LGB "
[a) 12 SuuU 51B/B $8,000
H = 10,000 cg=0.33C
0.10
Co teim
0.09
P
0.08 p/
a0 /
I P
[ =P
0.06 f e —
{— A%
0.05 J‘ - / /n/
~— ../c:)‘ |
0.04
; N /
el | |
0.03
6\- ;
0.02 {
0
0.5 0.6 0.7 0.8 0.9 1.0 [N 1.2 1.3 1.4
b. H= 10,000 ft '

Fig. 63 Continued

105



AEDC-TR-73-186

CONFIG STORE oM.
o] ( CLEAN 38,000
O 2 370 GAL TANK "
A 5 PS © 46,000
o 6 PS 1 i
4 7 PS2 "
0 8 MII8 LGB "
0 12 Suu 518/8 58,000
H = 20,000 cg=0.33C
0.09 e
c N
D trim J
0.08
%
/
. ?
0.07 | {
/ =
0.06 A 401!
\ — ‘l’
0.05 \J:»-{f( ‘ —
/r/
0.04 JL /
~1_ g
7
0.03 \‘#\-?-—ﬁr'
0.02
o0l
o
05 0.6 0.7 08 09 L.O 1.1 1.2 13,
L J

c. H = 20,000 ft
Fig. 63 Continued

106

1.4



AEDC-TR-73-186

CONFIG  STORE G.W.
o | CLEAN 38,000
o 2 370 GAL TANK "
A 5 PS O 46,000
o 8 PS I M
A 7 PS 2 “
o 8 M118 LGB “
o 12 SUU 51B/8 58,000
M = 30,000 c9=0.33C
0.10
Co trim 1
009 A \ ,_/»"K‘ ]
70
\ \ o1
0.08 \
\\ \\ i
]
0.07 \\\ ) [ — .,
\NIE/ i
0.06 K\ : \k \4_ e i
\\ \\\ |
0.05 AN \\ /' —i T :
\\ l o
0.04 AN 1! ! ]
. | .
< -} -—-;—;—_...._ -
0.03 '
| |
b
0.02 ’
o0.5 0.6 0.7 0.8 09 10 LI 12 1.3 L4

d. H = 30,000 ft
Fig. 63 Concluded

107



AEDC-TR-73-186

CONFIG STORE G.W.
(o] ( CLEAN 38,000
a 2 370 GAL TANK u
A 5 PSO 46,000
Lo} 6 PS | 2
4 7 Ps2 "
o] e Mile LGB "
(2} 12 SUv 51B/8 38,000
H=SEA LEVEL ¢g=0.36C
0.09
cD'rlm
o0.08
i -
0.07
0.06
i
0.08 1
! : | :
- L
l Qfl
0.04 : l —
!
! [
0.03 | f I
O~
__4_| .
] 1 |
0.02 .
i
|
0.01 !
o |
05 0.6 0.7 0.8 0.9 ) ] 1.2 - 1.3 .4

a. H = Sea Level
Fig. 64 Trim Drag Characteristics of the F-4C with Various External Store Configurations for
Several Altitudes at a2 cg Location of 0.36C

108



AEDC-TR-73-186

CONFIG STORE G.W
o | CLEAN 38,000
o) 2 370 GAL TANK »
A 5 PS O 46,000
6 Ps ' [1]
2 7 PS 2 "
o 8 Mli8 LGB "
a i2 SUU 518/8 58,000
& H= 10,000 cg= 0.36C
0.09
9
Cp trim e
0.08 c(//‘
0.07
0.06 > 4 I : ..
PP
0.05 f fod
0.04
0.03
0.02
0.01
ol |
0.8 0.6 0.7 0.8 09 L0 LI 1.2 .3

b. H = 10,000 ft
Fig. 64 Continued

109



AEDC-TR-73-186

CONFI6 STORE GW.
o ) CLEAN 38,000
(a] 2 370 GAL TANK "
A s PSO 46,000
o 6 PS | ®
A 7 PS2 u
© 8 MII8 LGB "
o 12 Suu 518/8 $8,000
H= 20,000 cg= 0.36C N
0.09 —
€P teim =
0.08 fl
/
0.07 4
/ =
0.06 \\ £ —
\\ : .
L —C
0.05 \ . ;{ pﬁ ot
IHR
0.04 .
\‘
SSSwy
0.03 —
0.02
0.01
s o8 0.7 0.8 09 1.0 Ll 1.2 1.3
c. H= 20,000 ft

Fig. 64 Continued

110



AEDC-TR-73-186

CONFIG STORE G.W.
O | CLEAN 38,000
a 2 370 GAL TANK “
A S5 PS O 48,000
Lo} 8 PS | "
A 7 PsS2 "
Q 8 MIi8 LGB N
fa) I2 Syu 8iB/B 58,000
H = 30,000 cg=0.36C
\
t 0
1
0.09 \‘ /A
cn trim \\ "/
Q.08 X f
\ |
0.07 \ \\ / ot
\\ \‘ é —— ——
0.06 N \\\ c\ffﬁ; 4 s ;
\\ \ T ’L_J}
/
\\\\ V£
004 \\\ i | }yﬁ{ '
0.03
0.02
0.0
00.5 0.6 0.7 08 09 1.0 Ll 1.2 L3 |14

d. H =30,000 ft
Fig. 64 Concluded

111



AEDC-TR-73-186

CONFIG STORE ON
(o) I CLEAN -
0 2 370 GAL TANK -
A ] fs 0 €.89
O s PS I 9.01
A 7 PS2 6.35
< 8 M8 LGB 7.95
(o] ] MK 84 EOGB 6.10
0.1t
(Co)s. .-0.3 b
0.10
0.09
0.08
£ 203 Cy 0.1
0.07 :
/\.
0.06 g - —
o o
0.08 - ﬂ?
E 4
ot d
0.04 =
e
0.03
A 1
04 0s 0.6 0.7 os 0.9 10 i1 L2 L3

Fig. 66 Drag Variation with Mach Number for Several Single-Mounted External

Store Configurations

112



AEDC-TR-73-186

CONFIg STORE DN
0 I CLEAN -
D 10 SUU-30 H/B, ¢ CLEAN  €.80
{ ] SUU-30 H/B, § FULL 6.12
o) 12 Suu-5i 8/8 3.7
v 13 NIT2 2.02
v 4 N2T2 1.83
q i5 N3T2 1.93
0 16 ROCKEYE 2,31
o.11
(Colg,=—06
o.l0
CL=0.3 - L= 0.t
"
/
0.09 =t
/
S
008 -
. Ei/ T A
007 .
A
o'o‘ ,#
— "
| )
oo AL =
i o
4 AL
0.0 o1 - ____.__...-1-"'""“"_
0.03
0.0%% 05 0.6 0.7 08 09 1.0 1.1 1.2 e

Fig. 66 Drag Variation with Mach Number for Several Multiple-Mounted
Store Configurations

113



AEDC-TR-73-186

O O iND TUNNEL RESULTS ] ] l
Coyim |, | O PREDICTIONS (REF & ) CONFIGURATION 6 CONFIG, 12
A PREDICTIONS (REF 5 ) CONFIGURATION € SUU-51 B/B
0.09 /X PREDICTIONS (REF 5 } CONFIGURATION 12

H2 10,000 FT €9 = 0.33C Loy

| | It

008 I l l /1, L

/ CONFIG 6

wESTORM 1

0.07 - l{
|

006 : |//[ ! |
| | /A |
0.05 ljig ‘/
5 ! \\ | D/ !
ool -t L g P lay g LTT L
| A \i\ ~ - ?
0.03 }—}—1
| |
A i L 1| |
o4 05 0.6 0.7 0.8 0.9 1.0 1.1 1.2 Me 1.3

Fig. 67 Comparison of Predicted and Measured Drag for Configurations 6 and 12

114



AEDC-TR-73-186

c9
O o025
4 033
0O 0.36C

STORE. NONE, CONFIG I, GW = 38,000

G, H1 30,000

-000e¢

-0.008

-0.012

-0.016 ] |

H 20,000

Cm"
-0004

-0.008

T’JD

o BIA ]
-0.0i2

-0.016 Y

c"‘&.

-0 OOUT\\‘\ ﬁ

-0.0i6 I

.

H = SEA LEVEL

3,

-0004

-0008

-0012 - >

-0 016
06

0.7 0.8 0.9 io i e 1.3 14
Me

a. Cp 5, Versus Mach Number
Fig. 68 Longitudinal Control Derivatives at Trim for Configuration 1

115



AEDC-TR-73-186

cg
o 025
A 033
O 036C
- STORE: NONE, CONFIG |, G.W. » 38,000

Cy, Hs 30,000
o.oout
0.004

o
o.olg '

Cip, | ! H « 20,000
0 cosp S A-J&\
0.004

o
0.0i2 y——
c T H « 10,000
L, : :
' 1
o.ooatfvr——!—
!
1
0.004
o |
0012 —
e, || I H « SEA LEVEL
a' #\. ¥ i
oooel ! —L ——
. ——
0.004
°q.e 07 08 09 1.0 T .2 1.3

b. C 5, Versus Mach Number
Fig. 68 Concluded

116



AEDC-TR-73-186

cg
o o02s¢C
a 033
o 0236C

o SYORE: 370 GAL YANK, CONFIG 2, G.W. =38,000

H = 30,000

8s
=-0.004

-0.008

-0.0 128 | !

-0.0186

Cm H » 20,000
Bs

-0.004

-0.008

-0.012% <

-0,016

CmS. H = {0,000

-0.004

-0.012

c ° | I HeSEA LEVEL
"8

-0.008

-0.012 {

L
PSP | L |
08 0.7 0.8 0.9 1.0 Il .2 1.3 L4

a. Cp 5, VErsus Mach Number
Fig. 69 Longitudinal Control Derivatives at Trim for Configuration 2

117



AEDC-TR-73-186

c9
o 0.28¢C
A 0.33C
D 0.3&C
STORE: 370 GAL TANK, CONFIG 2, G.W. = 38,000
W= 30,000
0.012 \\
0.008
|
0.004
o
0.012
H=» 20,000
“g,
0.008
0.004
0
c.012 Nooo
[+ H = 10,
Ls’ L
o008 —H
0.004
. ol [
0.012 - =
H = SEA LEVEL
CLBI
0.008%
0.004
0
Q6 0.7 o8 09 1O (1] 12 i3 .4
Moo

b. CLG’ versus Mach Number
Fig. 69 Concluded

118



Fig.

A
o4
a

CONFIG STORE

5 PAVESTORM ©
[} PAVESTORM I
7 PAVESTORM 11

cg*0.25C G.W = 46,000

H = 30,000

-0.0t8

20,000

Cm‘.
-0.004

4+

-0.908

-0.0)2

"

-0.018

Cm

T v

10,000

=-0.004

-0 DOBﬁ

-0:.012

-0018

Cm

b4 ¥ T
H = SEA LEVEL

-0.004

-0.008

0012

T

I

-0:018
o8

o7

a. Cp, 5, versus Mach Number

0.8

09 1.0 I

2 .3 I4

AEDC-TR-73-186

70 Longitudinal Control Derivatives at Trim for Configurations 5, 6, and 7
at a cg Location of 0.25C

119



AEDC-TR-73-186

CONFIG STORE
a s PAVESTORM O
O 6 PAVESTORM 1t
a4 T PAVESTORM IT

cg=0 25C G.W = 46,000

00T | H « 30,000
c ! * 30,
I“s ,Av Y
0.008 s -
|
0.004
o
o.012 [ —r—r
: | M 20,000
Ciy )
' = !
0 008, - =]
- \.\ l
1
0.004
o
0.0 124 ——
ca, L - %410, 000
1 l /5 NCA |
0008 ——+— -3
<r——- //
00048~
o
0012 P
H = SEA LEVEL
cLas 0 T
0 008 % —0
./"/
i H
0004
06 or o8 09 10 It L2 LB L4

b. C_ 5, Versus Mach Number
Fig. 70 Concluded

120



-0004

-0 008

-0012

a
o

4

CONFIG STORE

5 PAVESTORM ©
6 PAVESTORM 1
7 PAVESTORM. 11

cg*0.33C GW = 46,000

| H= 30,000

—_—

-00I16

Cmy,
-0004

- 0008

-0o0l2

-00i8

Cma.
~0004

-0.008

10,000

[ DR -

-0012

-0018

H -lSEA LEVEL

Cma.
-0004

-0008

!

-0.012

«0.01€

o7

a. Cp,_ versus Mach Number

08 10 [N

AEDC-TR-73-186

Fig. 71 Longitudinal Control Desrivatives at Trim for Configurations 5, 6, and 7
at a cg Location of 0.33C

121



AEDC-TR-73-186

CONFIG STORE

A S PAVESTORM ©
o 6 PAVESTORM 1
a4 7 PAVESTORM 11

cg=0.33C GW.» 46,000

e I q He 30,00
cLa' l WS@_% 9 1
0.008G=t-— :
Y- '/
0.004}—] | !
o 1 ]
ol Ll Ll T
o0i2 £x —
e H+ 20,000
Be i
o.ooagz 55/ = ~ £
|
! |
0 004
. | |
0.012 —
g, l 0\[ % M+ 10,000 ;l
o |
000 . =3
= T T
I 1
0.004
R .
. | 1! l 1
YT T | ——
oL, [ i E  SEA LEVEL
o - ——‘q
]
0.004
[ 1 |
o6 07 08 09 10 I 12 1.3 L4

b. C_ 5, versus Mach Number
Fig. 71 Concluded

122



a
O €
a

CONFIG STORE

L] PAVESTORM O
PAVESTORM I
7 PAVESTORM 11
€20 36C GW » 46,000

Cms.

- 0 004

T

He 30,000 °

N

o
:
T
'

-0008

-0012

0016 L

R |

Cn..

-~

-0 004

- 0008 :

’f_

-0012

iii

Cm!.

H+10,000 |

- 0004

- 0008

-0012

|\

|
L
I

-0 016

C“B.

SEA LEVEL

-0004

-0 008

-0012

!
{

-0.016
o6 ov

3. Cm,
Fig. 72 Longitudinal Control Derivatives at Trim for Configurations 5, 6, and 7

0.8

o9 1.0 B

versus Mach Number

at a cg Location of 0.36C

123

12 -] 1.4

AEDC-TR-73-186



AEDC-TR-73-186

[
La.

CONFIG STORE

A 8 PAVESTORM O
o s PAVESTORM 1
a4 7 PAVESTORM 11
0012 €9 "0 36C G.M.» 46,000
. ! N Uolw -'30;900
0.00.6-\ i *: 1
A |
0 004
) l J i ]
0012 .
L L] I Ny [ [we20000
| v 1 1
1 P
s =
0.004
[+]
0.0:2 .
[ ] [ ! Ha 10,000
0.00 4 ' —
0004
o [ [ [ ]
o0l2 y .
! ! io He SEA LEVEL
T T
0.0080- %%
|
0,004
0 | L i
06 OT 08 O©09 10 ] 12 .3
) Me

b. C_, versus Mach Number
bs

Fig. 72 Concluded

124




€9
o 023C
a 033
O 03¢

MIi8 LGB, CONFIG. 8, G.W.=46,000

cma'

] 1

Tan Ana
Hs 30,000

-0 004

~-0.008

=0.012

41+

\
\
Y

=-0.0+8

Cma'

=-0.004

=-0.008

-0012

=-0.018

| UL
He {0,000

°"'a.

-0.004

-0.012

-0.016

Cm 2

T T
H+ SEA LEVEL

-0.004

-0 008

-0.042

=-0.0t6

0.8

[+ 2

o8 0.9

1.0

AEDC-TR-73-186

L2 I3 1.4

a. C, 54 VETSUS Mach _Number
Fig. 73 Longitudinal Control Derivatives at Trim for Configuration 8

125



AEDC-TR-73-186

cq
O 025¢C
4 033¢C
0 0.36C

MII8 LGB, CONFIG.8, GW.» 46,000

CLy O-OIRL ! J H = 30,000
 § . I i
0.008% — I 0
' Ay yaRmSN.
0.004 :
° J I l I | l
0012 i f [u -'2o.ooc:
CL’. T\’\:\ J
o' T 0
A _1'
0.004 | I \ i .
|
0 | v | [ ] |
1 T T T
0.042 l : }A He |o.io 00
c,_a. L] N
o.t;oenz -~ N : \@ ﬂ !
| e
L |
0.604 ! i ol—| |
.o‘ ( |
" ol | 1] i ! ] ! M« SEA LEVEL
3%195 |
[+] mkw‘ i ! }
! I
0.004 Il i
|
%e o7 o8 os 0 1 1z 13 1a

b. C, 55 Versus Mach Number
Fig. 73 Concluded

126



Fig. 74

Cma'

€9
o o2s¢C
A o033¢c
0O o036c

SUU 51 B/B, CONFIG 12, GW.» 58,000

He 30,000

|
-0004

-0.008

-0.0Izk.

,g:§/ 4
]

+

-0.016

s
~-0004

-0008

a——

-00I12

-00i6

—t

~0004

~0.009

~0.012

-00l6

C,,.a.

H » SEA LEVEL

-0004

-0.008

-0012

B

hid

-0 0I8
0.6

0.7

0.8

0.9

1.0

12 1.3 L4
N

a. Cn 54 versus Mach Number
Longitudinal Control Derivatives at Trim for Configuration 12

127

AEDC-TR-73-186



AEDC-TR-73-186

ce
o 02%
A 033C
O 03¢
SUU 5t 8/8, CONFIG 12, G.W = 58,000

H = 30,000

0.012
cL8|

0.00 } g5

e I
0.004 Do~

2 4
b

AN

0.012
CLB.
0.008

H + 20,000
[
1

0 004 I

0otz
CL'.

H = 10,000

0.008 t g L

0.004

0.012

CLO .
1

0.004 !

H = SEA LEVEL

4]
[ X ] 0.7 08 0.9 1.0 (N} 1.2 1.3 1.4
e

b. C_ 5, Versus Mach Number
Fig. 74 Concluded

128



Fig. 75

CONFIG STORE Gw
' NONE 38,000
6 PAVESTORM | 46,000
12 SUU 51 8/8 58,000
o : co" r 33C i
Cmy H » 30,000
s |
-o_om 4 -
| I
-0.008 |
o — T
O—1"| /
«0.012 ‘6 \-’ 7}
-0.016 I
0 . ;
Gy, {1 [ [w=20.000
-0004 !
-0.008 1
P I [A ' /ﬂ
- ] 17
oo1g i i T
s I L1
0 —
Cm | | IH + 10,000
8, —
-0004 I
— 1 |
[ |
-0.008 s
o . T
1 L /‘}
-0012 ey L | =]
-o.ol8 L1
0 —
Cmg, M= SEA LEVEL
- 0004
-0.008 '
[ I A 5 I —
p L L":
-0012 —_—
1
~001g e o7 09 10 1.1 R I
-

a. C, . versus Mach Number
5g

AEDC-TR-73-186

Comparison of Longitudinal Control Derivatives for Configurations 1,
6, and 12 at Trim

129



AEDC-TR-73-186

CONFIG STORE G.W

o ) NONE 38,000
Lo 2 PAVESTORM | 46,000
o 12 SUU 518/8 58,000

0012 t:g-_o.33c I H__SB 030—
b you 5
e P
0.008 = ]
0004 %"Z I \V ]
1
ol— rl
o T T T R T ]
8. N . I
0000. : . */h¥_}
|
0004
5 1
0.012
cL L W= 10,000
t o M & 1
oo = '-'—'%‘&Q -
— -
—{h
0004
.
0.012
¢ [ N [ W= SEA LEVEL
’l — P—
0.00 ?—. W ’[ \J\‘!‘
{ —
h
0.004
o .
06 07 08 09 1.0 bl 12 .3 14

b. CL;, versus Mach Number
Fig. 75 Concluded

130



AERODYNAMIC COEFFICIENT PRECISION

TABLE {
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M_ s PSE  *AC_ *AC, *aCy
0.400 340 0.0060 0.0219  0.0066
0.600 635 0.0027  0.0118  0.0035
0.800 805 0.0022  0.0073  0.0025
0.850 820 0.0017  0.0066  0.0026
0.900 840 0.0016  0.0060  0.0024
0.925 860 0.0015 0.0056  0.0024
0.950 885 0.0015 0.0053  0.0021
0.975 905 0.0014  0.0050  0.0021
1.025 945 0.0013  0.0047  0.0021
1.100 990 0.0012  0.0040  0.0021
1.300 905 0.0011  0.0027  0.0018
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